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ABSTRACT 
A FEASIBILITY STUDY: 
FOREST CARBON STOCKS AND STOCK CHANGE OF THE 
WHITE MOUNTAIN NATIONAL FOREST 
by 
Erica J. Cate 
University of New Hampshire, September, 2010 
Interest has heightened for forest managers to account for the impacts of 
management activities on forest carbon sequestration. This study was designed to assess 
the feasibility of developing estimates of WMNF forest carbon based on the available 
information. The yield curves, inventory data and resulting carbon projections were 
dependent on a number of assumptions and subject to various sources of error and bias. 
Thus, they should not be relied on as definitive estimates and forecasts, or used as a basis 
for policy recommendations. Under the specific approaches used in this study, forest 
carbon stocks appear to be accumulating in the WMNF and are expected to continue to 
increase at a decreasing rate into the foreseeable future. Underlying assumptions and 
inventory data had large influences on the estimates of forest carbon accumulation over 
time. As additional information becomes available and enhancements to the inventory 
and monitoring program take place, a level of confidence may be placed in CDS-derived 
carbon estimates, but until that time the reliability of the estimates will remain in 
question. Presently, the output from COLE provides an accurate estimate of forest 
ecosystem carbon to known levels of precision that can be used to register with the U.S. 




With the acceptance of forest carbon sequestration as a means of atmospheric 
greenhouse gas (GHG)1 reduction, interest has heightened for forest managers to account 
for the impacts of management activities on forest carbon sequestration (Moomaw and 
Johnston 2008, Krankina and Harmon 2006, Canadell and Raupach 2008, Ray et al. 
2009). This study was designed to assess the feasibility of developing estimates of forest 
carbon stocks and stock change for the White Mountain National Forest (WMNF) based 
on the available information. The yield curves, methodologies and projections are 
exploratory and thus should not be relied on as definitive estimates and forecasts, or used 
as a basis for policy recommendations. The results are presented in tandem with 
discussion of the strengths and weaknesses of the supporting information, descriptions of 
assumptions, as well as the influence of those assumptions, and recommendations of how 
future efforts of forest carbon accounting for the WMNF may be enhanced. 
Significant climate change, as evidenced by increased average temperatures, 
earlier spring runoff events, shifts in precipitation patterns, and its impacts on species 
distribution and disturbances regimes have already manifested around the globe (IPCC 
2007, Frumhoff et al. 2007, Alley et al. 2007, Parmesan and Galbraith 2004, Parmesan 
and Yohe 2003). The primary GHG emitted from anthropogenic sources is carbon 
1 See Appendix A for a list of acronyms 
1 
dioxide (C02). It constitutes almost 85% of total GHG emissions (USEPA 2009). There 
are two principal approaches to mitigating the accumulation of atmospheric CO2: 
reducing emissions and sequestering additional carbon (UNFCCC 1998, Canadell and 
Raupach 2008). 
The United Nations Framework Convention on Climate Change (UNFCCC) is an 
international treaty focused on stabilizing atmospheric GHG concentrations at the level 
where they do not negatively influence the dynamics of the natural climate system. It was 
established during the 1992 Earth Summit and, having been signed and ratified by a 
number of nations including the United States (U.S.), was initiated in 1994 (UNFCCC 
2009). The requirements include accounting for carbon stocks and stock change in the 
land use, land use change, and forestry sector. 
The 2008 USDA Forest Service (FS) Strategic Framework for Responding to 
Climate Change focuses on the reduction of GHG emissions, as well as the 
implementation of climate change mitigation strategies, including sequestering more 
carbon in forests, soils and harvested wood (USDAFS 2008a). The FS manages 193 
million acres of public land (USDAFS 2008b) that have the potential to sequester 
substantial amounts of carbon (Smith and Heath 2004, Birdsey and Heath 1995). 
Currently, national forest system (NFS) managers are not required to assess the potential 
effects of proposed activities on forest carbon. Management plans must account for such 
effects if the implementation of climate change mitigation strategies is to become a 
reality. 
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Forests and Carbon Sequestration 
Forest ecosystems sequester carbon from the atmosphere through photosynthesis 
and emit carbon back to the atmosphere through both autotrophic and heterotrophic 
respiration. Mature and old growth forests have larger carbon stocks, but lower rates of 
sequestration, than young forests (Birdsey et al. 2006, Law et al. 2003, Harmon et al. 
1990) and recent studies have shown that old growth forests can continue to sequester 
carbon over time (Luyssaert et al. 2008, Zhou et al. 2006, Hadley and Schedlbauer 2002). 
Carbon in harvested wood acts as an additional carbon pool that has the potential 
to store carbon over the long term (Row and Phelps 1996, Skog et al. 2004, Skog and 
Nicholson 1998). Harvested wood stores carbon as products in use and in landfills (Smith 
et al. 2006). Carbon emissions from harvested wood products can be captured to produce 
energy, acting as a potential substitute for fossil fuels; while harvested wood products 
could substitute for more GHG-intensive materials (Lippke et al. 2004, Gustavsson et al. 
2006, Eriksson et al. 2007, Upton et al. 2007). Whether harvesting and the production of 
wood products is a net benefit or detriment to net carbon storage over time is dependent 
on the fate of the harvested wood, the pools being measured, what questions are being 
asked, and the timeframe of projections (Harmon and Marks 2002). 
Previous studies have shown that northern temperate forests are, in general, active 
carbon sinks (Birdsey et al. 1993, Apps and Kurz 1994, Turner et al. 1995, Wofsy 2004). 
Regrowth, attributable to the response of forests to agricultural land abandonment and 
fire suppression, leads to carbon being sequestered from the atmosphere and stored in the 
forest ecosystem (Hurtt et al. 2002, Houghton 1999). U.S. forests sequester 
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approximately 10% of CO2 emissions on an annual basis with 91% of annual U.S. carbon 
storage by land use being attributable to forest ecosystems and harvested wood products 
(Woodbury et al. 2007a). 
Carbon Accounting on the WMNF 
The climate of the U.S. Northeast is already changing (Huntington et al. 2004, 
Frumhoff et al. 2007, Hayhoe et al. 2008) and expected future alterations will have a 
significant impact on the character and function of the region's ecosystems (NERA 1999, 
Iverson et al. 2008, Ollinger et al. 2008, Dukes et al. 2009, Hanson et al. 2005, Aber et al. 
2001, Uriarte and Papaik 2007). Carbon sequestration in forest ecosystems and harvested 
products is an important aspect to mitigating the accumulation of atmospheric CO2 
(USEPA 2009, USDA 2008). 
The WMNF can aim to maintain and enhance forests as carbon stores and sinks 
through innovative management planning (Brown et al. 1996, Kauppi and Sedjo 2001, 
Moomaw and Johnston 2008, Dixon et al. 1994, Houghton 1995, Ruddell et al. 2007, 
Sohngen et al. 2007). Understanding the impacts of current management strategies can 
begin with business-as-usual (BAU), or baseline, estimates founded on the current 
management plan. By establishing the baseline carbon levels, forest managers would 
have estimates against which to exhibit increases in sequestration from changes in BAU 
forest management activities. 
The objectives of this study were to address the following research questions: 1) 
What is the feasibility of developing estimates of forest carbon stocks and stock change, 
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including carbon in harvested wood, of the WMNF based on the available information?; 
2) How do estimates of total forest carbon stocks and stock change vary when different 
representative forest yield curves are assumed?; 3) What are the strengths and 
weaknesses of the chosen research approach to estimate forest carbon stocks and stock 
change of the WMNF?; and 4) What additional information and future work is needed to 
report these carbon estimates to the U.S. Voluntary Reporting of GHG Program and 




Measuring Forest Carbon 
Methods and tools have been developed to estimate forest carbon at the national, 
regional and even county scale (Birdsey 1996, Birdsey and Heath 1995, Proctor et al. 
2005, Heath and Smith 2004, Hoover and Rebain 2008, Smith et al. 2008); however 
higher plot densities are required for greater precision at finer resolutions. The spatial 
scale at which carbon estimates are generated has obvious impacts on the accuracy and 
precision of the values as applied to specific areas. The specificity of available regional 
estimates can be enhanced by incorporating available stand-level data and further 
enhanced by incorporating additional local information, such as individual tree data 
(Smith et al. 2004, Smith et al. 2006). 
Different approaches to forest carbon accounting have their strengths and 
weaknesses dependent on the spatial scale of the target area, the economic costs of the 
approach and the desired final estimates. One approach is based on data collected by 
eddy covariance flux towers. The towers are fit with instrumentation that measures net 
ecosystem CO2 exchange (NEE) between the forest and the atmosphere (AmeriFlux 
2009, USDAFS NRS 2009a, Baldocchi et al. 2001). The goal is for data to be collected 
continuously, while in reality there are gaps for a number of reasons (e.g. annual and 
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daily changes in local air currents). The data are often coupled with additional 
instrumentation and information to partition out respiration and analyze for potential 
causal factors of changes in NEE (Wofsy et al. 1993, Richardson et al. 2007, Law et al. 
2002, Hollinger et al. 2004). Establishing and maintaining flux towers is an expensive 
approach to forest carbon accounting. Information from the towers has many advantages, 
but carbon accounting based on this information will also be subject to a number of 
limitations. 
The major hindrance of utilizing tower data to develop carbon estimates for 
heterogeneous forestland, such as in the WMNF, is the topographic constraints of the 
tower setting. Measurements from one tower location represent only the specific site in 
which the tower is located (Running et al. 1999, Schmid 1994, Gockede et al. 2008). 
Although there are towers located in several northeastern locations (AmeriFlux 2009, 
USDAFS NRS 2009a), developing estimates of carbon flux for the WMNF will be 
subject to biases of the data, limited to broad scale classifications and subject to the 
unique characteristics of the tower sites (Xaio et al. 2008). Recent studies have focused 
on relating tower data to remote sensing images and ground measurements in order to 
scale-up the tower footprint estimates to broader areas (Xiao et al. 2008, Yamaji et al. 
2008, Wylie et al. 2007, Papale and Valentini 2003). 
In addition, information from flux towers does not include measurements of 
regional disturbance (unless the disturbance is within the tower footprint). This approach 
accounts for the emissions from harvest residue left on-site, whereas harvested carbon 
that is removed from the forest is not reflected in the measurements. Flux towers measure 
only forest-atmosphere flux over time. Although this metric is important when analyzing 
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forest carbon dynamics for their net impact on atmospheric CO2 concentration, many 
GHG registries require reporting of total carbon stocks as well as a metric of change 
(USDOE 2007b, CCAR 2007, CCX 2009). 
Modeling has been used extensively to develop estimates of carbon sources and 
sinks, including inverse atmospheric transport models (Bousquet et al. 1999, Battle et al. 
2000, Prentice et al. 2001), biogeochemical models (Parton et al. 1994, Schimel et al. 
2000, Ollinger et al. 2002), and land-use change models (Woodbury et al. 2007b, 
McGuire et al. 2001, Houghton et al. 1999). Modeling is constrained by data availability, 
validation of parameters and verification of model output. 
Direct forest inventory measurements can be used to estimate both carbon stocks 
and change over time. Developing highly precise ground measurements of carbon stocks 
would require an extensive effort involving felling trees, excavating roots, collecting and 
analyzing soil organic matter content, and gathering information on the down dead wood, 
understory vegetation and forest floor pools. It is almost always infeasible to conduct this 
level of sampling so applying some form of allometry is needed to estimate stocks from 
more common measurements. 
The stock change approach involves estimation of both carbon stocks and change 
over time. Forest inventory data commonly include measurements of tree diameter at 
breast height (D.B.H.), growing stock volume2 (GSV) and age. Methods exist to develop 
total forest carbon estimates from such inventory data (Birdsey 1996, Smith et al. 2006). 
The live tree pool is typically the most influential carbon pool when estimating 
forest carbon over time. In general, live tree carbon is estimated by one of two 
2 Growing stock volume is defined as the volume of all live trees 5.0" D.B.H. or larger that meet (now or 
prospectively) regional merchantability requirements in terms of saw-log length, grade, and cull deductions 
(USDAFS 2008c). 
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approaches: 1) converting biomass, derived from allometric equations, directly to carbon 
(Jenkins et al. 2004); or 2) converting merchantable volume to biomass and then to 
carbon (Birdsey 1996, Smith et al. 2003). 
Remote sensing (RS) involves satellite data that can provide spatially explicit 
information, such as that on land cover, forest age class and disturbance (NASA 2010a, 
NASA 2010b). RS data coupled with that of regional climate characteristics and carbon 
cycle models can provide information on forest carbon storage and flux over time. Many 
studies have utilized RS techniques to evaluate changes in forest carbon attributable to 
land-use change (Schroeder et al. 2008, Cohen et al. 1996, Turner et al. 2004, Sung et al. 
2008, Zheng et al. 2009). 
A newer technique involving Lidar technology, integrates RS and ground 
measurements to produce 3-D images from which canopy height and vertical distribution 
of canopy elements can be measured and translated to estimates of aboveground (AG) 
biomass (Patenaude et al., 2004, Lefsky et al. 2002a, Drake et al. 2002, Lefsky et al. 
1999). In order to develop a complete forest ecosystem carbon budget, these data must be 
coupled with either field measurements or allometric equations to account for carbon in 
the other pools. Also, the RS approach can be cost-prohibitive. In landscapes with high 
topographic variability and mixed canopy heights higher resolution imagery is needed to 
maintain a high level of precision (Lefsky et al. 2002b, Thomas et al. 2008), elevating 
data acquisition and processing costs. 
Previous studies and reports have based forest carbon estimates on Forest 
Inventory and Analysis (FIA) inventory data (Heath and Smith 2004, Heath and Smith 
2000b, Haswell 2000, Brown 2002, Birdsey 1996, Birdsey and Heath 1995, Turner et al. 
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1995). The FIA program is run by the USDAFS and has been compiling a statistically 
sound inventory of U.S. forests, based on permanent sample plots, for over 70 years. The 
data include location, condition, and tree variables (USDAFS 2006). Recently, the 
program moved from conducting periodic to annual surveys that incorporate additional 
data collection including measurements of soil, understory vegetation and down dead 
wood (Bechtold and Patterson 2005). Tools are available that can produce carbon 
estimates based on FIA data; one such tool is the Carbon Online Estimator, COLE 
(Proctor et al. 2005, USDAFS NRS 2009b). 
Birdsey (1996) developed carbon lookup tables that can be used to generate 
estimates of forest ecosystem and harvested wood carbon stocks from common forest 
inventory data. Smith et al. (2006) updated these tables, in general technical report (GTR) 
343, with newly available inventory data, models and definitions. The GTR343 tables 
present mean carbon density by region, forest type and previous land use. Carbon 
estimates can be developed by locating the appropriate set of lookup tables and 
multiplying by the corresponding area (or harvest volumes) as indicated by local 
inventory data. The forest ecosystem tables are arranged by age-GSV pairs (i.e., yield 
curves) and present estimates of mean carbon density for each of the six forest ecosystem 
carbon pools (pool definitions are given in Appendix B). Tables are also available to 
estimate carbon storage and retention over time for the harvested wood disposition pools 
(pool definitions are given in Appendix B), presenting ratios and decay rates that can be 
applied to available harvest information. 
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The GTR343 yield curves were adapted from ATLAS, a timber projection model, 
and based on timber growth and yield information and FIA data (Smith et al. 2006)3. 
FORCARB2, a forest carbon accounting model (Heath et al. in press), was used to 
develop the carbon estimates based on the following: (1) live tree carbon and (2) standing 
dead tree carbon are based on the equations of Jenkins et al. (2003) and Smith et al. 
(2003); (3) forest floor carbon is based on data from Smith and Heath (2002); (4) down 
dead wood carbon is based on estimates from FORCARB2 simulations; (5) understory 
vegetation carbon is based on the relationships of Birdsey (1996); and (6) soil carbon is 
based on the methods of Amichev and Galbraith (2004) and the STATSGO database 
(USDASCS 1991) (Smith et al. 2006). 
Harvested wood lookup tables were available for three categories of input data, 
forestland data, volume of harvested industrial roundwood and quantity of primary wood 
products produced by mills, each with an increasing level of specificity, respectively 
(Smith et al. 2006). Estimates of carbon storage and retention over time were based on 
assumed uses and longevity of wood products and were calculated by: (1) allocating 
available data to the primary wood product categories; (2) converting the quantities of 
primary wood products to carbon mass; (3) estimating the amount of carbon in use as a 
function of time since production; and (4) estimating the amount of carbon in landfills as 
a function of time since production (Smith et al. 2006). 
3 All age-volume relationships were based on average stocking levels and are representative of common 
productive forests (i.e., timberlands) within each region. 
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Greenhouse Gas Registries 
There are multiple GHG registries with which carbon sequestration from forest 
management activities can be reported. Although no national legislation currently exists 
that requires entities to account for GHG emissions and reductions, there is guidance 
from established registries about what kind of information may be needed for reporting in 
the future (USDOE 2007b, CCAR 2007, CCX 2009). Participating in registries before it 
is required establishes estimates that could be used in the future, documents activities 
aimed at climate change mitigation, and demonstrates proactive environmental 
stewardship. 
The U.S. Voluntary Reporting of GHGs Program, 1605(b), is a federal voluntary 
registry for reporting GHG emissions, sequestration and reductions. It was established as 
part of the Energy Policy Act by the U.S. Department of Energy in 1992. The program's 
guidelines state the requirements for reporting forest carbon stock and stock change 
including methodology, assumptions and quality assurance of forestry activities (USDOE 
2007a, USDOE 2007b). Forest carbon estimates are subject to a rating system that 
assigns an accuracy rating of A through D based on the underlying inventory data and 





The WMNF was established in 1913 and is located in northern New Hampshire 
and stretches into southwestern Maine. The WMNF is about 796,700 total acres; 97% of 
which is classified as forestland4. The WMNF is recovering from past land use including 
intensive timber harvest, clearing for agriculture and wildfire (USDAFS 2005b). 
The land base is classified by management areas (MA). Only the MA2.1 lands are 
available for timber harvest and represent about 45% of the total land base (USDAFS 
2005a). The WMNF constitutes slightly less than 1% of the almost 93 million total acres 
of forestland in the northeastern5 U.S. (and about 16% of total forestland in New 
Hampshire) (USDAFS FIDO 2010). 
The WMNF is in the Humid Temperate Domain, Warm Continental Regime 
Mountains Division, and Adirondack-New England Mixed Forest-Coniferous Forest-
Alpine Meadow Province (USDAFS 2005a). General forest types include Picea-Abies 
(Spruce-Fir), Quercus-Pinus (Oak-Pine), Quercus-Carya (Oak-Hickory), Ulmus-
Fraxinus-Populus (Elm-Ash-Cottonwood), Acer-Fagus-Betula (Maple-Beech-Birch) and 
4 Defined as land that is at least one acre in size and 10% stocked by trees of any size, including land that is 
currently regenerating to the required stocking level (USDAFS 2005b). 
5 The northeastern U.S. includes the following states: Maine, New Hampshire, Vermont, Massachusetts, 
Connecticut, Rhode Island, Delaware, Maryland, New Jersey, New York, Ohio, Pennsylvania and West 
Virginia (USDAFS 2004). 
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Populus-Betula (Aspen-Birch). Stands are often grouped by ecological land classes 
(ELC) that are based on forest type and ecological land type (Appendix C). Soils are 
spodosols and inceptisols including glacial tills, outwash and ledge (USDAFS 2005b). 
Forest Carbon Stocks and Stock Change 
The two principal sources of forest inventory data available for the WMNF were 
the Forest Inventory and Analysis (FIA) database (DB) and the Combined Data System 
(CDS) DB. Since the initiation of this study, the WMNF has transitioned to a new 
inventory DB structure, FSVeg-DB (i.e., Field Sampled Vegetation DB), that directly 
links plot-level inventory data with stand-level summaries and maintains documentation 
of previous inventory measurements (USDAFS 2010). This provides a valuable source of 
information that could be used in future efforts of WMNF carbon accounting. 
Forest inventories are designed to ascertain information on trees (e.g., volume, 
age and growth) within set boundaries. Appropriate inventory design and sampling 
protocol varies and depends on spatial and temporal scales, as well as the different 
objectives of the survey and desired uses of the gathered information. FIA is a national 
survey program that provides data that can be used as the basis of high level policy 
decisions and broad-scale resource monitoring. Whereas, the CDS data were collected 
mostly in connection with stand examinations that are focused on supporting stand-level 
decision making over short timeframes (e.g., prescribing silvicultural treatments). The 
differences in the objectives of the two inventories result in great differences among their 
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inventory designs and the quality of the data as they apply to forest carbon accounting on 
the WMNF. 
The FIA program is based on a 3-phase sampling framework designed to collect 
and maintain unbiased inventory data for forestlands of the U.S. (Table 3-1). Current FIA 
guidelines require a level of precision (per unit), as determined by sampling error (SE), 
greater than or equal to 0.03 for area estimates and 0.05 for volume estimates (Bechtold 
and Patterson 2005). SE is defined as an error that arises because the data were taken 
from only a portion of a population to represent the whole, rather than from a census of 
the entire population. (As FIA data are used to represent progressively smaller areas, SE 
increases6.) In addition to the statistically defensible sampling design and data collection 
protocols, the FIA program conducts annual surveys (with all plots in a state being 
surveyed every 5-10 years) (Bechtold and Patterson 2005). Such a complete 
remeasurement method for sampling over time allows the data to be used for assessing 
aspects of change (e.g., growth, development and death or harvest). 
FIA sampling protocol is based on a systematic grid design of approximately 
6,000-acre hexagons containing one permanent inventory plot in each. This is a low 
density for the WMNF relative to its size, the number of forest types contained within its 
boundaries and the variety of stand ages and site conditions that result from variation in 
soil type and disturbance history. Although basing carbon estimates on these data alone 
would likely result in large SEs at finer resolutions, alternate estimates could be 
compared to the results to see if they fall within the distinct confidence limits produced 
by utilizing these data. 
6 In general, a SE above 25% is questionable, while that above 50% is not significantly different from zero 
and thus should not be used 
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Table 3-1. Summary of attributes associated with FIA three phase sampling*. 
Attribute Phase 1 Phase 2 Phase 3 
Sample type Photopoint or satellite 
pixel 
Ground plot*, subset of 
Phase 1 




Point or pixel Cluster of four 1/300-acre 
microplots, four 1/24-acre 
subplots, and optional 
four 1/4-acre macroplots 
Same as Phase 2 
Purpose Stratification of the 
landscape for the 
purpose of variance 
reduction 
Samples FIA traditional 
attributes of interest, 
primarily related to tree 
species of all sizes 
Samples FIA traditional 
attributes of interest, 
plus attributes 





grid superimposed over 
the population of 
interest 
Systematic national 
hexagonal cell grid 
Systematic national 
hexagonal cell grid 
(subset of Phase 2 grid) 
Base-grid 
intensity 
At the discretion of 
each FIA unit 
One plot per every 6,000-
acre hexagonal cell 
One plot per 1/16 
6,000-acre hexagonal 
cell 
Table from Bechtold and Patterson 2005 
Note: FIA is Forest Inventory and Analysis 
*Ground plots are permanent remeasurement plots 
The CDSDB provided an alternate set of inventory information for the WMNF. 
CDS was managed and maintained by WMNF resource managers, with data collection 
being conducted at the intensity sufficient for informed decision making at the stand-
level. Permanent remeasurement plots are not established throughout the forest; data were 
collected on a project-by-project basis to ascertain the characteristics of a set of stands 
prior to initiating a proposed management activity (USDAFS 2003). CDS was not 
designed to maintain data from previous inventories, so only the most recent inventory 
data were available. The ad-hoc nature of this type of data collection protocol resulted in 
a non-random sample of stands that contained high densities of plots during a specific 
timeframe. Concurrently, other stand entries may have been updated by alternative 
means, such as photo interpretation or walk-throughs, or not updated at all. 
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Stand-level inventory summaries were available for every forested stand on the 
WMNF (16,780 stands); each entry contained stand attributes such as forest type, year of 
origin, and MA designation (see Appendix D for a complete list of contents). The 2005 
WMNF Land and Resources Management Plan (LRMP) contained decadal projections of 
MA2.1 average GSV for 1994-2144. The projections were derived from CDS inventory 
data and represent GSVs dependent on the distribution and intensity of timber harvest 
management of the recent past and foreseeable future (USDAFS 2005a and 2005b). 
Plot-level data were also available that included species, D.B.H., and tree class 
(see Appendix D for a complete list of contents). Due to the nature of CDS data 
collection, the plot data did not represent a statistically defensible sample for forest-wide 
analyses. They are subject to biases from the intentional, and non-representative, 
selection of stands for inventory, possible subjective evaluation of inventory quantities 
(e.g. ocular estimate of basal area or stand type), the lack of documented remeasurement 
data over time, and possible failure to use an appropriate methodology to obtain a 
statistically defensible sample, even if plots or prism points were used (historical 
inventory protocols were not documented, and a non-representative sample may have 
been taken rather than a proper systematic or random sample within the stand). 
The CDSDB, versus the FIADB, contained a greater number of observations from 
a much larger number of sites. However, this dataset consisted of an ad-hoc collection of 
data from field campaigns that were not designed to be coordinated and were not 
subjected to the same quality control measures as the FIA data. With full 
acknowledgement and discussion of the strengths and weaknesses of the approach, these 
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data were utilized as a rough but biased guide on which to develop forest carbon 
estimates for the WMNF. 
It is important to assign confidence limits to estimates in order to establish some 
level of precision in values. Reliability of the estimates depends on both accuracy and 
precision. Accuracy refers to how close the estimates are to their true values, while 
precision refers to how similar repeated estimates are to each other. Due to the issues 
described above, a measure of reliability in the CDS-derived estimates could not be 
calculated. Carbon estimates based on the CDS data were compared to those based on 
FIA data, from the COLE model. The results of the comparison offered insight on the 
relative accuracy of the CDS-based estimates to those based on the unbiased FIA data. 
The CDSDB showed that 57% of stands did not have associated plot data (i.e., 
45% of the total forested area) (Table 3-2) and plot data that were available were not 
linked to the relative stand-level summaries. Therefore, I chose to use only the stand-
level summaries and thus, CDS plot-level data were not directly utilized in this study. 
The Survey Year represented the year in which the data were last updated. The majority 
of the data were over 10 years old; with Non-MA2.1 lands having more data from older 
survey years than MA2.1 lands (Table 3-3). 
Table 3-2. Plot occurrence by management area designation, percent of total forested 
stands and percent of total forested area. 
Management area (MA) 
designation Plot occurrence 
Percent of 
total forested stands 
Percent of 
total forested area 
MA 2.1 Yes 22 18 
MA2.1 No 24 9 
Non-MA2.1 Yes 21 37 
Non-MA2.1 No 33 36 
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Table 3-3. Percent of area by survey year category and management area designation (as 
of December 2007). n -
Survey Year All stands MA2.1* Non-MA2.1* 
1982 and before 29 13 43 
1983-1987 19 23 15 
1988-1992 26 34 19 
1993-1997 23 27 20 
1998-2002 2 3 2 
2003-2007 1 1 2 
Missing survey year 0 0 0 
* MA is Management Area; May not add to 100 due to rounding. 
I developed estimates of forest carbon stocks and stock change for 1984-2064.1 
followed the general approach of Smith et al. (2006), modifying the GTR343 lookup 
tables with representative information on WMNF forest growth and yield. Data 
availability differed for the MA2.1 versus the Non-MA2.1 areas and, as a result, different 
methods were used to develop estimates for each area. 
Four sets of semi-independent carbon estimates were developed to analyze the 
range in the results by applying different yield curves. Because traditional methods for 
quantifying reliability could not be conducted, I designed a qualitative ranking system to 
assign relative quality levels to the CDS data. In addition, I ran the COLE model to 
generate a semi-independent estimate of WMNF forest carbon stocks to conduct a cross-
validation analysis with the CDS-derived estimates. 
Carbon Lookup Tables 
The GTR343 tables presented estimates of mean carbon density in the individual 
forest ecosystem carbon pools based on regional average yield curves by forest type. A 
variety of representative forest growth and yield information was available that was used 
to modify the GTR343 lookup tables to increase their specificity to WMNF. I compiled 
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three sets of semi-independent yield curves based on the following: (1) Regional yield 
curves of the U.S. Northeast; (2) FIBER, a forest growth model, yield curves; and (3) a 
method based on foliar nitrogen (N) concentrations that used data from Smith et al. 
(2002). 
I modified the lookup tables through linear interpolation based on the 
representative yield curves while maintaining the GTR343 assumptions for estimating 
carbon density in the individual carbon pools. The live tree and standing dead tree pools 
were based on GSV, the understory vegetation and down dead wood pools were based on 
the updated values of the live tree carbon pool, and the forest floor pool was based on 
stand age and forest type (see Appendix E for an example interpolation). No interpolation 
was necessary for the soil organic pool, which was held constant by forest type. The 
n 
lookup tables were compiled by ecological land class (ELC) category and age class 
(AC) (Table 3-4). 
7 Carbon density for each AC was calculated as the average of all individual-age carbon density estimates 
from within the AC category 
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Table 3-4. Ecological land class codes and titles by FIA forest type titles (A); Age class 
codes by age (B). 
A 
ELC* ELC Title FIA** Forest Type 






















Aspen-paper birch on a spruce-fir site Populus-Betula papyrifera; 
Aspen-paper birch 
B 








*ELC is Ecological Land Class 
**FIA is Forest Inventory and Analysis 
The following is a description of the information and methods used to compile the 
representative yield curves and carbon lookup tables (Appendix F) used in this study: 
Regional. The GTR343 lookup tables were based on regional average yield curves 
for timberlands of forest types of the northeastern U.S. based on FIA inventory data, 
ATLAS and FORCARB2. Previous estimates of regional and national forest carbon 
stocks and stock change have been established assuming a similar set of yield curves 
(Zheng et al. 2009, Birdsey 1996). I included them in this study to determine how 
applying regional average yield curves affected total carbon estimates for the WMNF 
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compared to those established from applying yield curves derived from locally specific 
information. 
No literature was found concerning differences in carbon allocation amongst the 
individual carbon pools for ELC 1 and 2, so the GTR343 maple-beech-birch tables were 
used to represent both. The GTR343 tables for spruce-balsam fir were used for ELC 3 
and for aspen-paper birch were used for ELC 4, 5 and 6 (Table 3-4-A). 
FIBER. The 2005 WMNF Land and Resources Management Plan, Final 
Environmental Impact Statement (FEIS) presented a set of yield curves specific to the 
WMNF ELCs. The curves were developed from MA2.1 plot-level inventory data 
collected from 1992-1996 (i.e., 5,187 total plots), and the forest growth model, FIBER 
(USDAFS 2005a). This was the standard set of yield curves used by WMNF managers 
for land planning within the MA2.1 land base. 
Several sets of yield curves were available each representing different harvest 
treatment options. The original GTR343 lookup tables were not specifically developed 
for use on managed stands; the individual carbon pool accumulation trends, and their 
relationships to the associated yield curves, represent those under regeneration treatments 
only (Smith et al. 2006). The FIBER curves selected for use in this study represent the No 
Treatment option. These curves were used to modify the GTR343 tables following the 
corresponding types in Table 3-4-A. The rationale for choosing this set of curves is that 
the assumptions behind the FIBER No Treatment option corresponded to the GTR343 
assumptions of forest growth without management (Appendix B in USDAFS 2005a). 
Selecting a different set may have been more representative of actual yield curves of 
managed stands, but would require additional research as to how the effects of 
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management (integrated into alternate FIBER yield curves) would affect the relationships 
between the chosen yield curve and the average carbon densities of the individual forest 
ecosystem carbon pools. 
Using the resulting set of lookup tables for carbon estimation on stands that have 
been treated will not directly account for the effects of the various management strategies 
on carbon accumulation. Applying tables that assume volumes with no harvest to areas 
where partial harvest has occurred will have the largest effect on the live tree pool which, 
most often, has the largest influence on total forest ecosystem carbon storage (only the 
soil organic pool, which is held constant by region and forest type, is close to storing the 
same amount of carbon as the live tree pool). 
While recognizing the potential error introduced by the issue described above, the 
FIBER estimates will maintain consistency with the alternate estimates (i.e., based on the 
same assumptions as the GTR343 tables) with the exception of the estimates for the 
MA2.1 forest floor carbon pool. The live tree, standing dead tree, down dead wood, and 
understory pools are either directly or indirectly related to ELC-specific GSVs, with soil 
organic carbon being held constant by forest type. Whereas, the forest floor pool was 
determined from stand age8 (see MA2.1 Forest Ecosystem Carbon section below for 
further discussion). By estimating MA2.1 forest carbon from GSV alone9, the 
inconsistencies in the relationship between the projected yield curves and the forest 
ecosystem carbon pools were limited to the estimates for the forest floor carbon pool. As 
stands age, forest floor carbon accounts for approximately 11-17%, in ELC 1, 2 and 3, 
8 See MA2.1 Forest Ecosystem Carbon section below for methods as to how stand age was assigned for 
these areas 
9 See MA2.1 Forest Ecosystem Carbon section below for methods as to how carbon was estimated for these 
areas 
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and 5-6%, in ELC 4, 5 and 6, of total forest ecosystem carbon density. Forest floor within 
pool carbon varies only by about 4 t/ac for ELC 1, 2 and 3, and 2 t/ac for ELC 4, 5 and 6. 
Thus, although the effects of incorrect age assumptions, that leads to skewed estimates of 
forest floor carbon, may be small on the final weighted average estimates of total forest 
ecosystem carbon density, it is still an important facet to consider when interpreting the 
final results. 
Foliar N. A study by Smith et al. (2002) was conducted on the WMNF in stands 
of various age and species composition. The plot-level mean of foliar N concentration by 
species, weighed by the fraction of individual canopy foliar mass, was calculated to 
represent individual plot-level whole-canopy N concentrations10. The study demonstrated 
a strong positive relationship between whole-canopy N concentration and both 
aboveground (AG) net primary productivity and wood production. 
I developed a one-box turnover model to represent the accumulation of AG live 
wood biomass (g/m2/yr, dry weight) over time based on the data from Smith et al. (2002). 
AG live wood biomass was the dependent variable determined by foliar N concentration-
dependent wood growth and a 2% annual wood turnover rate". Woody growth was 
expressed by the following equation that was formulated from the relationship between 
canopy foliar N concentration and wood production of Smith et al. (2002): 
Wood Growth = (Foliar N Concentration) * 200 + 3.9 
10 Available at <http://www.folchem.sr.unh.edu/> (Hallet et al. 2004). 
11 The 2% turnover rate was derived from the literature and assumed to remain constant over time; this 
value was derived from litter fall information from Gosz et al. (1972), decay rates from Turner et al. 
(1995), and ground measurements from Smith et al. (2002); a 2% turnover rate has been used for other 
forest modeling studies in the target area (Ollinger et al. 2002). 
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Wood litter, defined as average live wood biomass mortality and branch fall, was 
assumed to equal the product of wood biomass and wood turnover. Per annum wood 
biomass was calculated as the difference between wood growth and wood litter of the 
preceding year, with all curves initiating at zero. The model estimated total annual AG 
live wood biomass from year zero to 500. 
I used the model to generate a set of representative biomass accumulation curves 
for each ELC. Specific estimates of foliar biomass relative abundance were not available; 
therefore, the foliar N weighted average was calculated as the average of the species-
specific foliar N concentrations from Smith et al. (2002) while assuming the typical 
species composition and relative abundances of the ELCs (Appendix B in USDAFS 
2005a). This number was then used in the biomass accumulation model to produce the 
ELC-specific AG live biomass accumulation curves. 
To generate carbon lookup tables from these data, I developed estimates of total 
live tree mean carbon density for interpolation on the GTR343 tables by: (1) estimating 
total belowground (BG) live tree biomass (dry), by applying the Cairns et al. (1997) 
regression model12 to the estimates of AG live tree biomass over time; (2) summing AG 
and BG live tree biomass to equal total live tree biomass; and (3) assuming total live tree 
mean carbon density was equal to 50 percent of total live tree biomass (USDOE 2007a, 
IPCC 2007). Total live tree carbon estimates of GTR343, were based on FIA GSV and 
the equations of Smith et al. (2003). Because the Foliar N approach estimated AG live 
tree biomass, rather than GSV, I could not utilize the Smith et al. (2003) approach for 
generating total live tree biomass. To account for potential differences, I compared the 
12 BBD = exp(-1.0587 + 0.8836 x In ABD + 0.2840); where BBD is belowground biomass density and 
ABD is aboveground biomass density. 
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percent of total live tree biomass allocated to the BG portion from both the Cairns et al. 
(1997) and Smith et al. (2003) approaches (Appendix G). For 10-year old stands, the 
Smith et al. (2003) approach allocated about 6-7% less total live tree biomass to the BG 
portion than did the Cairns et al. (1997) approach. The difference decreased with age, 
leveling to about 3-4% by age 70. Although the percent difference was small between the 
approaches, it is an important factor to consider when interpreting the final carbon 
estimates. 
The applied 2% turnover rate had a high influence on the resulting yield curves 
and corresponding carbon lookup tables. I conducted a sensitivity analysis to determine 
the range in carbon estimates based on varying the applied turnover rate. Carbon 
estimates were developed through the same methodology described above while applying 
a 1.5% and 2.5% turnover rate. 
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MA2.1 Forest Ecosystem Carbon 
Projections of MA2.1 standing inventory and harvest volumes, based on the 
timber harvest schedule adopted in 2005, were provided by Tom Giles (personal 
communication, January 2008) (Appendix H). They were taken from simulation runs 
performed in the development of Alternative 2 of the WMNF LRMP (USDAFS 2005a). 
It was assumed that harvest during a previous decade was incorporated into the estimate 
of standing volume of the subsequent decade. Although projections were available to 
2144,1 generated estimates only to 2064. Limiting the estimates to the relatively near 
future avoided establishing estimates of distant future forest carbon stocks and stock 
change that, in reality, are dependent on a variety of factors that are likely to change over 
time. 
A variety of treatment strategies (e.g. even-age, uneven-age and thinning) were 
modeled for the various ELCs and then combined to produce the available GSV 
projections (Appendix H). Un-even age management alters the relationship between GSV 
and stand age so projections of GSV were not coupled with AC information for these 
areas. The original GTR343 lookup tables were not meant to be used to specifically deal 
with stands managed with treatment strategies other than regeneration only (Smith et al. 
2006), so applying the adjusted tables will not directly account for the effects of the 
various management strategies on carbon accumulation. Thus, stands under different 
management strategies were assumed to follow the same carbon accumulation trends as 
those undergoing regeneration only management. Studies have shown that different 
management activities can have different effects on forest carbon accumulation over time 
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(Hoover and Stout 2007, Scott et al. 2004, Schroeder 1991). A more detailed study must 
be conducted in order to account for such differences in management for the WMNF. 
I employed the stock change method by generating forest-wide carbon stock 
estimates for 1984, 2004, 2024, 2044 and 2064 (now on referred to as snapshots) and 
interpolating on the snapshots to generate annual carbon stock estimates. Average annual 
stock change was calculated as the difference between subsequent estimates of total 
annual carbon stock. The conversion to carbon was made after all areas, under the 
different management strategies, were summed into their respective ELCs. 
To generate the snapshots, I converted the 2004, 2024, 2044 and 2064 GSV 
projections from MCF to ft3/ac by multiplying by 1000 and dividing by the total acreage 
of the respective ELC. GSV estimates were not available for 1984, but were available for 
1994 (Appendix H). I used linear extrapolation to develop the GSV estimates, by ELC, 
for the 1984 snapshot. More specific extrapolation methods could not be employed 
because predictable trends in GSV from 2004-2064, that could be used to develop 
representative line formulas, were lacking. Linear extrapolation introduces uncertainty 
that can be minimized by considering the trends in existing data points and limiting the 
distance of the extrapolated projections from known values. By extrapolating the 1994-
2004 trend, rather than the 2004-2024 trend, I minimized the distance of the extrapolation 
beyond the closest known data points. Without additional information on which to base 
GSV estimates for 1984, the uncertainty introduced under this methodology could not be 
further reduced. 
The resulting five snapshots represented total MA2.1 acreage distribution, by 
ELC and average GSV, for each snapshot year. The ELC-specific GSVs were used to 
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reference the carbon lookup tables and derive the carbon estimates. The forest floor 
carbon pool is the only value that is based on stand age. I referenced the yield curves with 
the available estimates of average GSV and identified the corresponding age. This was 
assumed to be a representative age with which to determine the forest floor carbon 
density. 
Total MA2.1 acreage from the LRMP timber harvest scenarios (USDAFS 2005b) 
was 105,160 acres less than that reported in the CDSDB. The discrepancy was due to 
several constraints that were placed on the MA2.1 lands that excluded an equivalent 
number of acres from being incorporated in the LRMP timber harvest scenarios (e.g., 
riparian buffer zones, wild river and potentially eligible wild river buffer zones, 
inaccessible lands and not suitable lands) (USDAFS 2005a). To account for carbon 
storage in these areas, I calculated the area-weighted average carbon density of all other 
stands in the corresponding year and applied the result to the missing 105,160 acres. This 
approach assumed that the missing acreage had a similar ELC, GSV and AC distribution 
as the remainder of the forest. 
Non-MA2.1 Forest Ecosystem Carbon 
The LRMP contained GSV projections for the MA2.1 lands only. The CDSDB 
contained stand-level information for the Non-MA2.1 lands but did not contain a metric 
of volume and traditional methods of generating locally-specific estimates of volume (or 
biomass) from field measurements could not be employed. In addition, although FIA 
inventory data were available, they were not sampled at the intensity necessary to 
generate precise estimates of localized average volumes for the Non-MA2.1 WMNF 
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ELCs. As a consequence, I chose to derive estimates of Non-MA2.1 volume from the 
ELC-specific yield curves based on stand AC alone. 
I employed the stock change method by generating snapshots for 1984, 2004, 
2024, 2044 and 2064 and interpolating on the snapshots to generate estimates of annual 
carbon stocks. Average annual stock change was calculated as the difference between 
subsequent estimates of total annual carbon stock. The particular stock change method I 
employed incorporated an AC based forest inventory approach similar to that used by 
Plantinga and Birdsey (1993) and Turner et al. (1995). 
The original data represented stand age, by individual forest stand, at one moment 
in time. The reported values were representative of the age of the stand in the 
corresponding Survey Year (Table 3-3). In order to develop forest-wide ELC-AC 
distributions for 1984, 2004, 2024, 2044 and 2064, many of the original values had to be 
projected to represent the age of the stand in the snapshot year. This was accomplished, 
for each snapshot, by: (1) For all Non-MA2.1 stands, subtracting t h e n a r of origin from 
the snapshot year; and (2) placing it in the appropriate AC category (Table 3-4-B). 
Furthermore, stands were classified by ELC for each of the snapshots by: (1) classifying 
the original data into ELCs based on forest type and ecological land type (a metric of 
expected successional patterns) (Appendix C); and (2) projecting ELCs to each snapshot 
year with the assumption that ELC 1, 2 and 3 remain constant over time, while ELC 4, 5 
and 6 remain constant through AC 4, after which they enter their mature ELC, 1, 2 and 3, 
respectively (in some rare cases, original CDS data reported an ELC 4, 5 or 6 stand as 
being in AC 5, 6 or 7; therefore, yield curves were projected through AC 7 to use in these 
instances and maintain the original data values). 
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Occasionally, the approach to projecting stand age yielded negative age values 
(e.g., when the snapshot year was prior to the year of origin). These stands were 
categorized as the Unknown AC. Because remeasurement data were not maintained in 
CDS, I could not ascertain the AC of these stands prior to the date of stand initiation 
reported in CDS. Therefore, I assigned these areas average carbon densities calculated as 
the average carbon density of all ACs for the particular snapshot year. The majority of 
stands designated as non-stocked fell within unproductive, marginal or unregulated 
forestland (i.e., permanently inoperable/unstockable or may produce some timber, but not 
organized for regular, sustained yield timber production). These areas were assumed to 
remain non-stocked and assigned an age of zero. Because of the low acreage and the low 
productivity of non-stocked stands, not accounting for carbon accumulation in these areas 
was expected to have little influence on the final estimates. Other stands lacked an ELT 
value; in these cases forest type alone was used to classify the stand by ELC. 
Total Forest Ecosystem Carbon 
The five snapshots, from both the MA2.1 lands and Non-MA2.1 lands, were used 
to produce four individual sets of forest carbon stock and stock change estimates for 
1984-2064. The four sets represented the range in final estimates dependent on the 
underlying forest yield curves (Table 3-5). Each set presented estimates of total annual 
forest ecosystem carbon stocks and stock change, by forest ecosystem carbon pool, from 
1984-2064. 
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Table 3-5. Inventory data source and applied yield curves combinations used to generate 
the four sets of forest carbon stock and stock change estimates. 
Inventory 
data source CDS* CDS CDS CDS 
Applied yield 
curves 
Regional for Non-MA2.1 stands 





Note: CDS is Combined Data System 
*This combination represents the main analysis. 
The main analysis assumed the FIBER yield curves for MA2.1 stands and the 
Regional yield curves for the Non-MA2.1 lands. Developing carbon estimates with this 
combination of assumptions was appropriate because the FIBER yield curves were 
developed expressly for MA2.1 lands. Neither established yield curves nor statistically 
defensible inventory data specific to WMNF Non-MA2.1 stands (which could be used to 
generate yield curves) were available. Therefore, I decided to apply the Regional yield 
curves, which represent regional averages, to Non-MA2.1 areas. 
The three additional sets of estimates were developed by applying the Regional, 
FIBER, and Foliar N yield curves individually (Table 3-5). The results from comparing 
the final estimates offered insight on the range in estimates dependent on the applied 
yield curves. 
Harvested Wood Carbon 
The WMNF averages about 240 MMBF of harvested wood per decade (USDAFS 
2005a). WMNF annual harvest volumes, by industrial roundwood product class (i.e., 
hardwood sawtimber, hardwood pulpwood, softwood saw timber and softwood 
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pulpwood), were available from the FS Cut and Sold reports13 (USDAFS FM 2008). 
Expected future harvest volumes, for 1994-2144, were taken from simulation runs 
performed in the development of Alternative 2 of the WMNF LRMP (Giles, personal 
communication, January 2008) (Appendix H). 
Harvested wood carbon estimates from 1990-2005 were based on actual annual 
harvest volumes (USDAFS FM 2008) and the future projections were based on the 
expected harvest volumes (Giles, personal communication, January 2008). Harvested 
wood carbon stock was calculated by: (1) converting volume in MBF to volume in cubic 
meters (m3)14; and (2) converting volume (m3) to carbon (t)15. 
The future projections of harvest volumes were available only by decade. To 
develop estimates of annual harvested wood carbon, I interpolated on the decadal carbon 
stock estimates. To account for the cumulative effects of successive harvests on carbon 
storage and emissions, I applied the U.S. northeast industrial roundwood GTR343 ratio 
tables16 to the available data. Total harvested carbon, for a particular year, was calculated 
as the sum of harvested carbon from that particular year and harvested carbon continuing 
to be stored or emitted from any previous year. 
This method accounted for harvested wood carbon that was, or was predicted to 
be, removed from the forest ecosystem and allocated products in use and in landfills. In 
13 The available FS Cut and Sold reports presented annual harvest volumes from 1977 to the present. 
Carbon accumulation in harvested wood was assumed to not start until 1984 in order to stay consistent with 
the study timeframe and interpolation methods. This resulted in underestimation of harvested wood carbon 
stocks as stocks accumulated from zero. 
14 1MBF was equal to 4.53m3 (Howard 2001) 
15 Volume (m3) to carbon (t) was calculated as (m3) * (specific gravity) * (the carbon fraction of wood). 
Specific gravities were 0.371 for softwoods and 0.518 for hardwoods and the carbon fraction of wood was 
0.50 (Smith et al. 2006). 
16 The ratio tables were developed by region and represent a linkage between industrial roundwood volume 
and a primary wood products model; industrial roundwood is allocated to the four disposition pools and 
changes in allocation are tracked over time. 
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addition, carbon emitted from harvested wood with and without concurrent energy 
capture was also estimated over time. The ratio tables applied only to harvested wood 
removed from the site, thus not accounting for emissions from harvest residue left on site. 
Smith et al. (2006) contains lookup tables that could be used to estimate this additional 
emissions pool; carbon in harvest residue is assumed to be emitted during the year of 
harvest and the amount is highly dependent on forest type and the volume harvested. This 
emissions pool was not included in these analyses. 
Total Forest Sector Carbon 
The annual harvested wood carbon stock estimates, for products in use and in 
landfills, were then added to the corresponding estimates of forest ecosystem carbon 
stocks to generate total annual forest sector carbon stocks for 1984-2064. Average annual 
carbon stock change was estimated as the net difference in successive annual carbon 
stocks. Estimates were developed first for the main analysis and then compared to those 
from applying the alternate yield curves. Final results were presented for 1990-2060 with 
estimates of total carbon stocks displayed by year and carbon stock change displayed as 
average annual change by 20 year intervals. 
Quality Analyses 
CDS Inventory Data 
Sampling errors were not available for most of the underlying information used to 
compile the carbon lookup tables (Smith et al. 2006) and could not be calculated for the 
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CDS inventory data. Non-MA2.1 carbon estimates were based on the stand summaries of 
CDS, specifically the distribution of acreage by ELC and AC. Stand age is often difficult 
to measure in the field and some CDS characteristics, as well as how the data were 
projected over time, contributed to the relative quality of the final AC distributions. I 
designed a ranking system that assigned a relative measure of quality to the inventory 
data based on how current the inventory data were, compared to five reference years, and 
the method used to update the inventory data (i.e., plot versus non-plot). It is important to 
note that this analysis neither assigned quantitative levels of uncertainty nor was it meant 
to suggest that the inventory data were inaccurate; it offered insight on the relative quality 
of the data as they were projected forward and backward in time. 
The relative quality categories are outlined in Table 3-6. Percent of total area in 
each category was determined for five reference years, 1985, 1990, 1995, 2000 and 2005. 
Stands with plot-level data from within the reference timeframe17 were placed in the high 
relative quality category; stands with inventory data that were updated during the 
reference timeframe, by some means other than a plot-level inventory, were placed in the 
medium relative quality category; and stands that had inventory data from outside the 
reference timeframe were placed in the low relative quality category. Each category was 
further broken down by MA to assess for differences between the two areas. 
17 The snapshot timeframe refers to the snapshot year (e.g. 1985, 1990, 1995, 2000 or 2005) and two years 
before and after; snapshots that contained more original data from within the snapshot timeframe were 
assumed to have higher relative quality 
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1 Stands that had a plot-level inventory conducted during the 
snapshot timeframe 
2.1 
High 2 Non-2.1 
3 Stands that had its inventory updated during the snapshot 
timeframe by some means other than a plot-level inventory 
2.1 
Medium 4 Non-2.1 
5 Stands that had inventory data from outside of the snapshot 
timeframe and needed to be projected 
2.1 
Low 6 Non-2.1 
1 Categories 1-4 represent data from the reference timeframe, while categories 5-6 represent data which 
needed to be projected to represent conditions during the reference timeframe. 
Cross Validation 
Overview. The Carbon Online Estimator (COLE) is a tool that generates forest 
carbon estimates based on FIA inventory data for specified areas of the U.S. (available at 
<http://www.ncasi2.org/COLE/index.html>) (Proctor et al. 2005, NCASI and USDAFS 
2009). At the time this analysis was conducted, the FIA data were current as of July 2, 
2009. 
The underlying FIA data include all forestland, defined as land, no less than one 
acre in size, that is at least 10% stocked with trees of any size or regenerating to that 
stocking level (Bechtold and Paterson 2005). Subcategories of forestland include 
timberland (i.e., forestland with a minimum productivity level of 20ft /ac/yr), reserved 
forestland (i.e., forestland permanently reserved from harvest) and other forestland (i.e., 
forestland with a productivity level less than 20ft3/ac/yr) (Bechtold and Paterson 2005). 
Estimates of total biomass from COLE include saplings with a D.B.H greater than 1 inch 
and trees with a D.B.H. greater than 5 inches. COLE integrates filters that can be used to 
produce carbon estimates based on a desired subset of the inventory DB (e.g. region, 
state, and ownership group) (Proctor et al. 2005). 
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COLE draws its carbon estimates from the FIADB and expands and sums the 
estimates based on the chosen filters. COLE uses expansion factors to generate estimates 
of total area represented by a certain number of plots, totals of an item on the area, mean 
per area values, standard error and standard deviation (NCASI 2009). The values are 
based on similar relationships as those of GTR343 (Proctor et al. 2005, NCASI and 
USDAFS 2009). The results presented here were based on the latest version of the 
FIADB which incorporates a new biomass estimation approach, the component ratio 
method (CRM) (Heath et al. 2008). 
COLE was used to develop a semi-independent set of forest carbon estimates to 
known levels of precision. I filtered COLE to draw from FIA data from with the WMNF 
only. COLE produced estimates of forest ecosystem carbon stocks from the most recent 
survey data. These data were collected between 2004 and 2008, so I assigned the final 
estimates as being representative of the average survey year, 2006. Thus, for the cross-
validation analysis, the 2006 CDS-derived estimates were used for comparison. 
Yield Curves. The live tree carbon pool is usually the most influential on 
estimates of total forest ecosystem carbon. Because GSV is an indicator of live tree 
carbon, I queried COLE to output GSV by age based on the FIA plots from within the 
WMNF. From these data I developed yield curves corresponding to the ELC and AC 
categories used in this study (Table 3-4). I used interpolation on the available GSV 
estimates to fill in gaps where GSV was missing for a particular age. GSV for each AC 
was calculated as the mean of all individual-age GSV estimates from within the AC 
category. 
37 
The FIA Maple-beech-birch type was compared to both ELC 1 and 2, the FIA 
Spruce-fir type was compared to ELC 3, and the FIA Aspen-birch type was compared to 
ELCs 4, 5 and 6. COLE-derived yield curves for the Aspen-Birch type were only 
projected to AC 5, due to lack of inventory data into advanced ACs. 
Adjustment. Two possible issues with using COLE estimates for cross-validation 
are differences in volume equations and the new component ratio method (CRM) for 
biomass estimation. Preliminary investigation showed that CRM biomass density 
estimates were almost always less than those based on the equations of Jenkins et al. 
(2003) (i.e., the approach used in developing the GTR343 tables) (Heath et al. 2008). 
I ran the GForest model (NCASI2010), which allows users to access and analyze 
FIA inventory data, to determine the difference in biomass estimates due to the new 
CRM approach. Biomass estimates of FIADB-V4, which were based on the CRM 
approach, were divided by those of FIADB-V3, which were based on the Jenkins et al. 
(2003) equations, to compute a ratio indicative of the difference in the new versus 
previous biomass estimates. To reconcile the difference, I used the average ratio for the 
FS ownership group for Maine and New Hampshire to adjust the final live tree biomass 
estimate of COLE. The adjusted value was then compared to the CDS-derived live tree 
carbon estimates. 
Assumptions 
Multiple assumptions were necessary to establish the estimates and must be 
considered when interpreting the results (Table 3-7). Similar studies were able to develop 
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quantitative estimates of uncertainty (Heath and Smith 2000b, Smith and Heath 2005, 
Skog et al. 2004) that I was not able to calculate here. Due to the complex nature of forest 
carbon accounting, some level of uncertainty is likely to be incorporated into the final 
estimates. Research is ongoing to quantify and reduce uncertainty at all stages of forest 
carbon accounting (Heath and Smith 2000b, Morgan and Henrion 1990, Paoli and Bass 
1997). The following is a list of the assumptions that were necessary to develop the final 
estimates, a brief description of the assumptions and the influence the assumption had on 
the final estimates of total forest carbon 
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Table 3-7. Assumptions necessary to develop the final estimates, a brief description of 
the assumptions and the influence the assumption had on the final estimates of total forest 
carbon. 
Item Assumptions Relative Influence* 
CDS inventory 
data 
These data, specifically Non-MA2.1 
total acreage by age and ELC, had 
sufficient accuracy to represent the 
condition of the landscape as the data 
were projected over time 
High impact; Directly determined 
selection of lookup tables and carbon 
density estimates 
Disturbance 
Disturbance from harvest was assumed 
to be integrated into the CDSDB and 
inherent in the GSV projections from the 
LRMP; Additional disturbance, such as 
wild fire, insect outbreaks and wind 
damage, were not directly included in the 
analyses 
Medium impact; On average, large scale 
natural disturbance occurs on 1-2% of 
the land base and harvest activities occur 
on 1% of the land base annually 
(USDAFS 2005b). 
Harvested Wood 
All accumulation the harvested wood 
pools began in 1984; imports and exports 
were not included in the analyses; 
expected harvest volume levels projected 
for the future reflect actual future harvest 
levels 
Medium impact; the majority of pre-
1984 emissions occur within the first 25 
years after harvest. The actual effect of 
the pre-1984 exclusion is dependent on 
actual pre-1984 harvest levels. Stocks in 
the harvested wood pools will be 
underestimated as stocks are 
accumulating from zero 
Land Use Change 
Previous land use was assumed to 
remain constant as forestland remaining 
as forestland (reforestation); Total 
acreage and acreage by MA was 
assumed to remain constant over time 
Low impact; Determines acreage used to 
estimate total carbon from density 
estimates; In only rare instances is forest 
growth attributable to something other 
than reforestation in the WMNF 
Age Class (AC) 
Categories 
20-year AC categories: 0-19 is AC 1, 20-
39 is AC2, 40-59 is AC3, 60-79 is AC4, 
80-99 is AC5, 100-119 is AC6, and 120+ 
is AC7. 
High impact; This static approach 
captured neither short term changes in 
carbon stocks nor forest growth 
dynamics. Also, it did not account for 
additional carbon accumulation past 
AC7 
Yield Curves 
The Regional, FIBER and Foliar N yield 
curves captured a range of representative 
yield curve estimates that are 
characteristic of WMNF. Average 
stocking and productivity levels were 
assumed 
High impact; Represents average 
stocking and productivity levels only. 
Determines carbon mass density in 
individual forest ecosystem pools as 
stands age over time. Determines 
maximum carbon density at AC7 
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Table 3-7 (continued). Assumptions necessary to develop the final estimates, a brief 
description of the assumptions and the influence the assumption had on the final 
estimates of total forest carbon. 
Item Assumptions Relative Influence* 
Forest Type and 
ELC 
ELC was assumed to be a sufficient 
classification system representative of 
average forest composition. FIA MBB** 
type was assumed to represent the 
average characteristics for both the SM-
A and B-RM ELCs; the A-B type was 
assumed to shift to its mature type after 
AC4. 
Medium impact; Actual differences 
between SM-A and B-RM were not 
captured where this assumption was 
applied and the results represented the 
average of both ELCs; A-B conversion 
may result in slight abrupt shifts in 
carbon estimates for some pools at time 
of conversion. Does not account for 




A constant 2% turnover rate was used to 
generate the Foliar N yield curves 
High impact for Foliar N results only; 
assuming a lower rate would increase 
final carbon accumulation, while a 
higher rate would decrease accumulation 
over time. Resulted in lower predicted 




The FIBER No Treatment yield curve 
was used to generate the FIBER carbon 
lookup table; assumes no harvest (e.g. 
thinning, partial harvest), only natural 
growth over time 
High impact for FIBER and Main 
Analysis Non-MA2.1 results only; 
carbon estimates may be erroneous if 
actual yield curves are different, due to 
various management activities, than 
predicted by the No Treatment option 
(also see Carbon Allocation assumption 
below) 





Where values of GSV were lacking (i.e., 
Non-MA2.1 lands), it was assumed that 
ELC-AC pairs could be used to reference 
the yield curves and derive 
representative estimates of GSV and 
carbon density in the individual forest 
ecosystem pools; the same was assumed 
for ELC-GSV pairs, where AC values 
were lacking (i.e., MA2.1 lands) 
High impact; Comparison of carbon 
estimates derived from different 
methodologies may result in differences 
that are methodological in origin, rather 
than biological 
Carbon Allocation 
The GTR343 assumptions for estimating 
carbon density for the individual carbon 
pools (based on regional averages) were 
assumed to apply to the WMNF 
Medium impact; Affects estimates of 
carbon density in lookup tables based on 
representative yield curves. The tables 
were not meant to be used to specifically 
deal with stands managed with treatment 
strategies other than regeneration only. 
Therefore, differences in carbon 
densities due to management may cause 
error in the final carbon estimates 
Note: CDS is Combined Data System, WMNF is White Mountain National Forest, MA is Management Area, and ELC is Ecological 
Land Class where SM-A is Sugar Maple-Ash, B-RM is Beech-Red Maple and A-B is Aspen-Birch. 
*Thc relative influence column states the expected impact the assumption had on the results (e.g., High, Medium, Low) and a 
description of the impact. 
** MBB is Maple-Beech-Birch; The FIA maple-bcech-birch type is defined as, "forests in which sugar maple, beech, yellow birch, 
black cherry, or red maple (when associated with northern hardwoods), singly or in combination, make up a plurality of the stocking; 
common associates include white ash, eastern hemlock, basswood, aspens, and red oak (USDAFS 2004)." Because the definition 
clearly states that both sugar maple-ash and beech-rcd maple stands belong to this broad type, it was appropriate to apply the yield 




Much of the forest is currently in advanced ACs and thus approaching the point, 
and exhibiting signs of, leveling biomass stocks (Table 4-1). This characteristic will 
manifest itself in the ability of the forest to sustain additional carbon accumulation over 
the recent past and foreseeable future. 
Table 4-1. Distribution of total acreage by management area, ELC and age class for 2005 
from the CDS database. 
ELC* 
Age 













— years — — acres*** -— 
MA2.I 
0-19 7440 4330 5940 1180 260 580 170 19900 
20-39 18540 7500 6300 1420 320 1080 - 35160 
40-59 4370 2430 4880 160 10 360 - 12200 
60-79 16740 7090 17890 970 600 980 - 44270 
80-99 42650 22580 31030 160 0 0 - 96420 
100-119 36290 23740 27290 70 0 150 - 87530 
120+ 25740 17720 21750 0 0 0 - 65200 
Unknown 0 70 50 0 0 0 - 120 
Total**** 151760 85450 115130 3050 1190 3150 170 360800 
Ni>n-M\2.l 
0-19 160 340 280 10 30 50 4760 5610 
20-39 1900 430 930 40 0 30 - 3320 
40-59 2330 1220 1420 0 0 200 - 5170 
60-79 6090 2870 13990 780 260 1370 - 25360 



















Unknown 190 50 200 0 0 0 - 440 Acres 
Total 108030 56010 246520 820 290 2000 4760 418420 779220 
•Ecological Land Classification: SM-A is Sugar Maple-Ash; B-RM is Bccch-Red Maple; S-F is Spruce-Fir; A-B on SM-A is 
Aspen-Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspcn-Birch on a Beech-Red Maple site; A-B on S-F is Aspcn-Birch on 
a Spruce-Fir site 
** Hyphens indicate no value. Non-stocked lands were maintained at age zero throughout the study. 
*** Rounded to the nearest 10 acrcs. 
**** May not be the exact sum of corresponding values due to rounding 
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Representative Carbon Lookup Tables 
The representative yield curves were developed for each ELC by GSV and AC 
(Figure 4-1). Each set had a unique curvature yet followed the same general trend, with 
the rate of GSV accumulation slowing over time (inflection points of GSV accumulation 
rates are indicated in Appendix F). In general, the Regional curves continued to accrue 
the most GSV over time, followed by the WMNF FIBER and Foliar N curves, 
respectively. 
Three sets of representative lookup tables were compiled based on the GSV-AC 
relationships of each yield curve: Regional, FIBER and Foliar N. The tables present mean 
carbon density (t/ac), by ELC and GSV-AC pairs for the live tree, standing dead tree, 
understory, down dead wood, forest floor, and soil carbon pools (Appendix F). 
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Figure 4-1. Regional (dotted line), FIBER (solid line) and Foliar N (dashed line) 
yield curves by ELC*. 
Note: ELC types A-B on SM-A, A-B on B-RM, and A-B on S-F remain constant through AC4 (i.e., 60-79), after which they 
were assumed to enter their mature ELC, SM-A, B-RM, and S-F, respectively. In some rare cases, original CDS data reported 
an A-B ELC as being in an older AC; therefore, yield curves were projected through AC7 (i.e., 120+) to use in these instances 
and maintain the original data values 
* Ecological Land Class; SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Sprucc-Fir; A-B on SM-A is 
Aspen-Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspcn-Birch on a Beech-Red Maple site; A-B on S-F is 
Aspen-Birch on a Spruce-Fir site 
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Total Forest Carbon Stocks and Stock Change 
Average GSV, by snapshot and ELC, for the MA2.1 lands is presented in Table 4-2. 
105,160 MA2.1 acres were not included in the harvest scenarios on which the GSV 
projections were based. I assigned these areas average carbon densities, calculated as the 
area-weighted average of carbon densities of all other stands in the corresponding year 
(Table 4-3). This approach assumed that the missing acreage had a similar ELC, GSV 
and AC distribution as the remainder of the forest. In actuality, the descriptions of the 
missing acreage, indicating that these areas account for unmanaged lands within the 
MA2.1 designation, suggest that these areas were more similar to the Non-MA2.1 lands 
versus the MA2.1 lands. Thus, developing average carbon densities based on a total 
forest average, rather than limiting the average to that of the Non-MA2.1 lands, was a 
probable source of error and likely contributed to carbon being underestimated on these 
105,160 acres over time. 
Table 4-2. Average GSV distribution, by ELC, for the MA2.1 snapshots. 
Year 
1984 2004 2024 2044 2064 
ELC* Total Acres — growing stock volume (ft3/acj ** — 
SM-A 102010 2390 2600 2440 2300 2140 
B-RM 58820 2470 2620 2660 2580 2580 
S-F 81750 3030 3000 3260 3450 3600 
A-B on SM-A 5720 3000 1260 1300 1590 1840 
A-B on B-RM 3070 2330 2500 1330 1630 2130 
A-B on S-F 4270 2840 1980 1540 1990 1980 
Total*** 255640 2640 2690 2700 2700 2700 
•Ecological Land Classification: SM-A is Sugar Maple-Ash; B-RM is Becch-Rcd Maple; S-F is Spruce-Fir; A-B on SM-A is 
Aspen-Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is Aspen-Birch 
on a Spruce-Fir site 
** Rounded to the nearest 10 cubic feet 
*** Totals in the GSV columns represent weighted averages 
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Table 4-3. MA2.1 average carbon density by snapshot and yield curve set. 
Yield Curve Set 
Average Carbon Density 
1984 2004 2024 2044 2064 
— carbon (t/ac) — 
Main Analysis 97.2 99.0 99.7 99.8 99.8 
Regional 97.4 99.5 99.7 99.8 99.8 
FIBER 97.5 99.1 99.5 99.3 99.3 
Foliar N 96.3 97.3 97.4 97.2 97.2 
For the Non-MA2.1 lands, carbon estimates were based on ELC and AC alone. 
As these areas were omitted from harvest and assumed to grow naturally without 
disturbance, steady shifts in acreage from younger ACs to more advanced ACs occurred 
over time (Table 4-4). The 1984 and 2004 snapshots incorporated some inventory data 
that had to be projected back in time, as well as original CDS entries that reported aspen-
birch stands in older ACs. 
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Table 4-4. Distribution of total acres, by ELC and age class, for the Non-MA2.1 
snapshots. 
1984 2004 2024 2044 2064 
ELC* Age Class — acres** -
0-19 1750 160 0 0 0 
20-39 1930 1900 160 0 0 
40-59 4440 2330 1900 160 0 
SM-A 60-79 26990 6090 2330 1900 160 
80-99 38440 29520 6870 2330 1930 
100-119 15230 43450 29520 6870 2330 
120+ 15530 24390 67840 97360 104230 
Unknown 360 190 190 190 190 
0-19 160 340 0 0 0 
20-39 1330 430 340 0 0 
40-59 2860 1220 430 340 0 
B-RM 60-79 10500 2870 1220 430 340 
80-99 16560 16270 3130 1220 430 
100-119 9250 14830 16270 3130 1220 
120+ 12670 20020 34850 51120 54250 
Unknown 410 50 50 50 50 
0-19 820 280 0 0 0 
20-39 1440 930 280 0 0 
40-59 9400 1420 930 280 0 
S-F 60-79 50330 13990 1420 930 280 
80-99 79380 65400 15360 1620 960 
100-119 37680 90810 65400 15360 1620 
120+ 52610 73500 164650 230050 245410 
Unknown 500 200 200 200 200 
0-19 40 10 0 0 0 
20-39 0 40 10 0 0 
40-59 750 0 40 10 0 
A-B on SM-A 60-79 2030 780 0 40 10 
80-99 60 0 0 0 0 
100-119 1300 0 0 0 0 
120+ 0 0 0 0 0 
Unknown 0 0 0 0 0 
0-19 0 30 0 0 0 
20-39 0 0 30 0 0 
40-59 230 0 0 30 0 
A-B on B-RM 60-79 1460 260 0 0 30 
80-99 320 0 0 0 0 
100-119 550 0 0 0 0 
120+ 0 0 0 0 0 
Unknown 0 0 0 0 0 
0-19 30 50 0 0 0 
20-39 160 30 50 0 0 
40-59 1260 200 30 50 0 
A-B on S-F 60-79 12370 1370 200 30 50 
80-99 1400 0 0 0 0 
100-119 1150 350 0 0 0 
120+ 0 0 0 0 0 
Unknown 0 0 0 0 0 
Non-stocked 4760 4760 4760 4760 4760 
Total*" 418420 418420 418420 418420 418420 
Note: ELC types A-B on SM-A, A-B on B-RM, and A-B on S-F remain constant through AC4 (i.e., 60-79), after which they were 
assumed to enter their mature ELC, SM-A, B-RM, and S-F, respectively. 
* Ecological Land Classification: SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Spruce-Fir; A-B on SM-A is Aspen-
Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspcn-Birch on a Beech-Red Maple site; A-B on S-F is Aspcn-Birch on a Spruce-
Fir site 
** Rounded to the nearest 10 acres. 
*** May not be the cxact sum of corresponding values due to rounding 
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Carbon stocks increased over time in the main analysis. From 1990-2060, MA2.1 
carbon stocks (t/ac) ranged from 97.7 to 99.8, Non-MA2.1 carbon stocks ranged from 
102.9 to 114.8, and average total forest carbon stocks ranged from 100.4 to 107.9 (Table 
4-5) (Appendix I). The interpolation methods I used to estimate annual carbon stocks 
resulted in constant estimates of average annual carbon stock change for each 20-year 
interpolation period (Appendix J). As expected, the Non-MA2.1 stock change estimates 
exhibited an increase in stocks at a decreasing rate over time, ranging from 0.30 to 0.03 
t/ac/yr (Figure 4-2). The relatively small changes in MA2.1 average GSV over time 
(Table 4-2), resulted in relatively small changes in average annual carbon stock change 
for these areas. MA2.1 areas exhibited an increase in stocks at a decreasing rate for 1985-
2004 and 2005-2024 (ranging from 0.09-0.04 t/ac/yr), while 2025-2044 and 2045-2064 
showed approximately no change (Figure 4-2). 
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Table 4-5. Estimates of carbon stocks from the main analysis, by forest ecosystem 
carbon pool, for MA2. , Non-MA2.1 and Total Forest Average. 
Forest Ecosystem Pool 1984 2004 2024 2044 2064 — carbon (t/ac) — 
Management Area MA) 2.1 
Live Tree 45.1 46.4 47.0 47.2 47.1 
Standing Dead Tree 3.0 3.0 3.0 3.0 3.0 
Understory 0.6 0.6 0.6 0.6 0.6 
Down Dead Wood 3.6 3.7 3.7 3.8 3.8 
Forest Floor 12.2 12.7 12.8 12.6 12.7 
Soil Organic Carbon 32.6 32.6 32.6 32.6 32.6 
Total 97.2 99.0 99.7 99.8 99.8 
Non-MA2.1 
Live Tree 45.6 49.7 53.6 55.3 55.8 
Standing Dead Tree 3.1 3.2 3.3 3.4 3.4 
Understory 0.6 0.6 0.6 0.5 0.5 
Down Dead Wood 3.9 4.2 4.5 4.6 4.6 
Forest Floor 13.6 14.7 15.5 15.8 15.9 
Soil Organic Carbon 34.6 34.7 34.7 34.7 34.7 
Total 101.4 107.1 112.1 114.3 115.0 
Total Forest Average 
Live Tree 45.4 48.2 50.5 51.6 51.8 
Standing Dead Tree 3.0 3.1 3.2 3.2 3.2 
Understory 0.6 0.6 0.6 0.6 0.6 
Down Dead Wood 3.8 3.9 4.1 4.2 4.3 
Forest Floor 12.9 13.8 14.3 14.3 14.4 
Soil Organic Carbon 33.7 33.7 33.7 33.7 33.7 
Total 99.4 103.3 106.3 107.6 107.9 
Figure 4-2. Estimates of average annual carbon stock change from the main analysis for 
MA2.1, Non-MA2.1 and Total Forest Average. 
I MA2.1 El Non-MA2.1 • Total Forest 
0.35 
1985-2004 
Note: MA is Management Area 
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Harvested wood carbon stocks were found to be relatively small compared to 
those of the forest ecosystem carbon pools over time (Appendix L). Unlike the forest 
ecosystem pools, the harvested wood carbon pools were estimated as total stocks over 
time rather than stocks per area. Both carbon stocks and carbon emissions in the 
harvested wood disposition pools showed a fairly steady increase over time (Figure 4-3). 
Carbon stocks in products in use ranged from 0.2Mt, in 1990, to 0.5Mt, in 2060, and in 
landfills ranged from approximately O.OMt, in 1990, to 0.4Mt, in 2060. Carbon emitted 
with concurrent energy capture increased from 0.1 Mt, in 1990, to 0.7Mt, in 2060, and 
that emitted without concurrent energy capture increased from O.lMt, in 1990, to 0.6Mt, 
in 2060 (See Appendix K for values by 5-year intervals). 
Harvested wood carbon stock change exhibited an increasing trend over time 
(Figure 4-4). Stocks were estimated as the sum of carbon in the Products in Use and In 
Landfills pools; with carbon stock change being calculated as the difference in those 
particular pools over time. Over the entire projection period (i.e., 1990-2060) harvested 
wood stock change was about 0.6Mt. This was a relatively large contribution, 
approximately 10%, to the corresponding total forest sector carbon stock change. 
In addition to the stock pools, estimates were projected for two emissions pools: 
1) that emitted with concurrent energy capture; and 2) that emitted without concurrent 
energy capture. Final stock estimates in the Products in Use and In Landfills pools were 
assumed to incorporate the amount of carbon lost through emissions. 
A continuous increase was expected due to harvest levels increasing over the 
study timeframe (Appendix H). All carbon accumulation in the harvested wood pools 
was assumed to begin in 1984. Thus, carbon emissions were underestimated due to 
50 
excluding those that would occur during the study timeframe from wood harvested pre-
1984. Harvested wood emissions mostly occur with the first 25 years after harvest (Smith 
et al. 2006). Therefore, the majority of the underestimation of total emissions was limited 
to the estimates for 1984-2009. The actual magnitude of the underestimation is dependent 
on the harvest levels that occurred pre-1984. For example, if pre-1984 harvest volumes 
were relatively large, the effects of not accounted for them would be noticeable over the 
first 25 years of the projection period. In contrast, if actual harvest volumes were 
relatively small, this effect would not be as noticeable. 
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Figure 4-3. Estimates of carbon stocks for the harvested wood disposition 
pools; 1990-2060 by 5-year intervals. 
^ Products in use 
GO Emitted with energy capture 
• In landfills 
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Figure 4-4. Estimates of average annual carbon stock change for the 
harvested wood disposition pools; 1990-2060 by 5-year intervals. 
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Total forest ecosystem carbon stocks were calculated by multiplying the carbon 
densities by the corresponding total acreages. Annual harvested wood stocks were then 
summed with those of the forest ecosystem carbon pools to generate estimates of total 
forest sector carbon stocks. Stocks increased over time, ranging from 78.9 Mt, in 1990, to 
85.7 Mt, in 2060 (Figure 4-5-A). Average annual carbon stock change exhibited an 
increase in stocks at a decreasing rate over time, ranging from 0.17 to 0.03 Mt/yr (Figure 
4-5-B) (Appendix L). 
Figure 4-5. Estimates of total forest sector carbon stocks (A) and average annual carbon 
stock change (B) from the main analysis. 











1984-2004 2005-2024 2025-2044 2045-2064 
Year 
Note: MA is Management Area 
Alternate Yield Curve Dependent Carbon Estimates 
The average total forest carbon stock estimates from the FIBER and Regional 
analyses were within 1.5% of the estimates from the main analysis throughout the study 
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timeframe (Figure 4-6). In general, the alternate trends in stock change were similar to 
the main analysis, exhibiting an increase in total stocks at a decreasing rate over time 
(Figure 4-7). 
The FIBER estimates were higher than the Regional estimates from 1990-2003 
and lower from 1998-2060 (Figure 4-6). This relationship was the result of the majority 
of stands transitioning from younger ACs to advanced ACs and the corresponding GSV 
estimates from the two sets of yield curves. Although the Regional curves generally 
accrued more GSV into advanced ACs, at lower ACs FIBER GSVs were generally higher 
than those of the Regional curves (Figure 4-1). The inflection point, at which the rate of 
accumulation of GSV decreased, in the FIBER curves generally occurred at lower ACs 
than in the Regional curves (Appendix F). Because GSV ultimately determined the level 
of carbon storage, as the forest aged over the study timeframe the Regional yield curve 
carbon estimates surpassed those based on the FIBER curves (Figure 4-6). 
The estimates based on the Foliar N yield curves were notably lower than the 
alternate estimates, being almost 10% lower than those of the main analysis over time 
(Figure 4-6). The GSV projections used to develop the MA2.1 carbon estimates were the 
same as those from the WMNF LRMP. Several of these GSV projections (i.e., the 1984-
2064 beech-red maple and spruce-fir, and the 2004-2024 sugar maple-ash) were higher 
than any predicted by the Foliar N yield curves, even at the oldest ACs. For areas where 
this occurred, carbon density was constrained at the maximum predicted by the Foliar N 
lookup tables (i.e., average carbon densities applied to the individual forest ecosystem 
pools were assumed to equal that predicted by the lookup tables for AC7). This resulted 
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in inconsistent carbon stock and stock change estimates relative to the projections of 
average GSV. 
The Foliar N yield curves had distinctly lower corresponding carbon densities at 
younger ACs versus the alternate yield curves. The foliar N-derived carbon density 
estimates were a function of percent foliar N concentration, which determined the yield 
curve, and either stand age or GSV, which determined where along the yield curve a 
particular stand fell. Percent foliar N was held constant between management areas for 
the various ELCs; thus, MA2.1 estimates were ultimately dependent on GSV, while Non-
MA2.1 estimates were dependent on age. Much of the Non-MA2.1 forestland originated 
in younger ACs (Table 4-4). The Non-MA2.1 age distributions lead to carbon estimates 
that were noticeably lower due to the acreage in the younger ACs, over the study 
timeframe, and the relatively low corresponding carbon densities predicted by the Foliar 
N lookup tables. 
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Figure 4-6. Alternate total forest ecosystem carbon stock 
estimates presented as the total forest average and by 
management area. 
- Main Analysis - - Regional • FIBER Foliar N 
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Note: Foliar N values displayed are those under the applied 2.0% turnover rate. 
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Figure 4-7. Alternate estimates of total forest ecosystem average annual carbon stock 
change. 
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Note: Foliar N values displayed arc those under the applied 2.0% turnover rate. 
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In the Foliar N approach, the turnover rate had a high influence on dependent 
yield curves and corresponding carbon lookup tables. The results of the sensitivity 
analysis showed that applying a 1.5% rate increased the amount of GSV accumulation by 
33-42% over time, relative to the original applied 2.0% turnover rate; while applying a 
2.5% rate decreased it by 22-27% (Figure 4-8). 
Some of the projected GSVs, from the LRMP, were higher than those predicted 
for AC7 by the original 2.0% Foliar N yield curves. These areas were assigned and 
maintained at average carbon densities that were representative of AC7. Additional 
carbon accumulation past AC7 was unaccounted for following the methods used in this 
study. This resulted in inconsistent carbon estimates relative to the projected GSVs. 
GSV projections for AC7 under the 2.5% turnover rate were 22-27% lower than 
those under the 2.0% turnover rate (e.g., Sugar maple-ash GSV at AC7 under the 2.0% 
turnover rate was projected to be 2391.5 ft /ac; whereas, that under the 2.5% turnover 
rate was projected to be 1854.5 ft3/ac) (Figure 4-8). Therefore, more of the GSV 
projections (i.e., all GSVs for ELCs 1, 2 and 3, the 1984 GSV for ELCs 4 and 6, and the 
2004 GSV for ELC 5) from the LRMP were higher than any predicted by the 2.5% yield 
curves. Because of this, a considerable portion of the land base had to be constrained at 
carbon densities representing AC7 over the entire study timeframe. The result was the 
majority of carbon accumulation being unaccounted for, as well as more abrupt shifts in 
accumulation over time (Figure 4-9). The 2.5% total forest average carbon stock 
estimates were about 7-5% lower than the 2.0% estimates. 
Applying a 1.5% turnover rate avoided the issue of the GSV projections being 
higher than those predicted by the corresponding yield curves (with the exception of the 
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2064 S-F projection, which was only about 30 ft /ac higher). The 1.5% total forest 
average carbon stock estimates were about 5-7% higher than the 2.0% estimates. This set 
of estimates was more consistent with the alternate yield curve estimates, being 2.0-0.3% 
lower than the Regional numbers, 2.0-0.2% lower than the main analysis results and only 
0.9-0.7% lower than the FIBER estimates (Figure 4-9). The fact that the 1.5% results 
were closer to the alternate estimates did not automatically indicate that the turnover rate 
was correct. Rather, the results of this analysis proved that the applied rate had a large 
influence on estimates and it is essential to establish accurate turnover rates under the 
Foliar N approach. 
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Figure 4-8. Foliar N yield curves by ELC* and applied turnover rate. 
Foliar N, 1.5 — Foliar N, 2.0 
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Figure 4-9. Comparison of alternate average total forest carbon stock estimates with 
Foliar N estimates by applied turnover rate. 
«««——>Main Analysis Regional FIBER 
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Quality Analyses 
Relative Quality of the CDS Data 
1995 had the most CDS inventory data acreage in the high category, followed by 
1990, 1985, 2000 and 2005, respectively (Table 4-6). Over 75% of the data fell within the 
low category for all references years. 
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Table 4-6. Distribution of acreage by quality category for the recent inventory data 
snapshots. 
Year 
1985 1990 1995 2000 2005 
Quali ty Category — percent* — 
High 10 13 15 4 2 
Medium 9 7 7 1 1 
Low 81 80 78 95 97 
*May not total to 100 due to rounding 
In general, more MA2.1 acreage fell within the high category (Figure 4-10-A) as 
opposed to Non-MA2.1 (Figure 4-10-B). In addition, MA2.1 lands showed noticeably 
higher plot representation versus Non-MA2.1 lands (Table 4-7). Average plot 
representation alone is not sufficient to determine a level of precision in the dependent 
final estimates. Assuming a random sampling design, to determine the sample size 
necessary to ascertain a certain level of precision, prior knowledge of the standard 
deviation and mean value per sample unit is needed18; Or in order to estimate the 
precision attainable for a given sample size, requires a preliminary survey to obtain 
estimates of standard deviation and the mean value per sample unit, followed by a survey 
that brings the sample size up to the necessary number of samples19 (Sutherland 2006). 
This, along with the biases of the data discussed previously, prevented the calculation of 
an associated level of reliability in the final estimates. 
IS When Q=required percentage relative precision (PRP), N=mean value per sample unit, s=standard 
deviation of the value per sample unit, and m'=sample size required for there to be 95% confidence of 
obtaining the PRP of Q or less, the equation is m0=(200/Q)2(s/ N)2, where if m0<25, m'= m0+2; if 
50>m(1>25, m'= m0+l; and if m0>50, m'= m0 
19 Assuming the same notation defined in footnote 18, as well as when mi=number of sample units in the 
preliminary survey, Nt=mean estimated from the preliminary sample, si=standard deviation estimated from 
the preliminary sample, the equation is m0= (200/Q)2(S,/ N,)2(l+2/m,), where if m0<25 or 50, it should be 
adjusted as defined in footnote 18 
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Figure 4-10. Distribution of total stand acreage for Management Area (MA) 2.1 stands 
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Table 4-7. Average plot representation, by management area (MA) designation and 
snapshot, of stands with a plot-level inventory occurring within the snapshot timeframe. 
Snapshot 
1985 1990 1995 2000 2005 
Number of Plots 
MA2.1 3804 6162 9210 3333 1389 
Non-MA2.1 1282 1171 1125 217 38 
Stands with plot-level 
survey during the snapshot 
timeframe 
(total acres)* 
MA2.1 38630 60270 71820 23810 13990 
Non-MA2.1 37600 43220 29150 7310 850 
Plots per acre 
MA2.1 0.10 0.10 0.13 0.14 0.10 
Non-MA2.1 0.03 0.03 0.04 0.03 0.04 
1 plot per acres** 
MA2.1 10.15 9.78 7.80 7.14 10.07 
Non-MA2.1 29.33 36.91 25.91 33.69 22.39 
* Rounded to the nearest 10 acres. 
**Represents the average over the applicable land base; not based on a statistically defensible sampling 
design. 
Non-MA2.1 carbon estimates were based on the ELC-AC distributions of CDS. 
The results of this analysis indicated that the distributions were based mainly on low 
relative quality data, being from surveys that were conducted in the fairly distant past and 
not based on a plot-level inventory. Non-MA2.1 stands were assumed to grow naturally 
over time without disturbance, thus the distribution of the data amongst the relative 
quality categories has a large influence on the qualitative reliability of the final ELC-AC 
distributions used to generate the Non-MA2.1 carbon estimates. 
COLE Cross-Validation 
The GForest model analysis produced a ratio of 0.855 for the CRM-based 
biomass estimates versus the Jenkins et al. (2003) estimates. 1 used the ratio to adjust the 
COLE biomass estimate for use in the cross validation analysis. The COLE total forest 
ecosystem carbon estimate was recalculated as the sum of the additional forest ecosystem 
carbon pool estimates and the adjusted biomass estimate. 
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The CDS-derived estimates were consistently and notably higher than that from 
COLE (Figure 4-11). COLE estimated 2006 stocks to be 86.9 ± 2.4 t/ac, at 95% 
confidence. The Main Analysis, FIBER, and Regional CDS-derived estimates for 2006 
were within 0.5 t/ac of one another, by MA, and averaged 103.9 t/ac for average total 
forest, 99.3 t/ac for the MA2.1 lands, and 107.9 t/ac for the Non-MA2.1 lands; whereas, 
the Foliar N estimates were 97.1 t/ac for average total forest, 97.3 t/ac for the MA2.1 
lands, and 96.9 t/ac for the Non-MA2.1 lands (Figure 4-11). 
Table 4-8 shows the deviation of the alternate CDS estimates, by individual forest 
ecosystem pool, from the estimates of COLE. The only values that fell within the COLE 
confidence limits were the MA2.1 understory and soil organic carbon pools. With the 
exception of the Foliar N estimates, the MA2.1 results were notably closer to the COLE 
estimates versus the Non-MA2.1 results, which were almost twice as distant (Table 4-8). 
The Foliar N estimates were consistently closer to those of COLE, but in interpreting 
these results one must consider that the values were subject to the limitations discussed 
previously. 
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Figure 4-11. COLE, the main analysis and the alternate yield curve 
dependent carbon stock estimates by management area and for average 
total forest. 
• COLE s M a i n n Regional • FIBER • Foliar N 
Average Total Forest 





























COLE Main Regional FIBER 


















Note: Foliar N values displayed are those under the applied 2.0% turnover rate. 
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Table 4-8. Carbon stock estimates from COLE (± two standard deviations) and the 
deviation of the alternate estimates from the COLE estimates, by forest ecosystem carbon 
pool and management area. 
Difference from COLE estimate 
Forest Ecosystem 
Carbon Pool COLE estimate 
MA2.1 Non-MA2.1 Average Total Forest 
— carbon (t/ac) — 
— carbon (t/ac) — Main Analysis 
Live Tree 36.5 ±2.3 10.0 13.9 12.1 
Standing Dead Tree 4.5 ± 0.7 -1.5 -1.2 -1.3 
Down Dead Wood 2.8 ±0.3 0.9 1.5 1.2 
Understory 0.7 ±0.1 -0.1 -0.2 -0.2 
Forest Floor 10.8 ±0.7 1.9 4.0 3.1 
Soil Organic Carbon 31.7 ± 1.0 1.0 3.0 2.1 
Total 86.9 ± 2.4 12.1 21.0 16.9 
Regional 
Live Tree 36.5 ±2.3 10.3 13.9 12.2 
Standing Dead Tree 4.5 ± 0.7 -1.4 -1.2 -1.3 
Down Dead Wood 2.8 ±0.3 1.0 1.5 1.2 
Understory 0.7 ±0.1 -0.1 -0.2 -0.2 
Forest Floor 10.8 ±0.7 1.9 4.0 3.1 
Soil Organic Carbon 31.7 ± 1.0 1.0 3.0 2.1 
Total 86.9 ±2.4 12.6 21.0 17.1 
I W R 
Live Tree 36.5 ±2.3 10.0 14.1 12.2 
Standing Dead Tree 4.5 ±0.7 -1.5 -1.3 -1.4 
Down Dead Wood 2.8 ± 0.3 0.9 1.5 1.2 
Understory 0.7 ±0.1 -0.1 -0.2 -0.2 
Forest Floor 10.8 ±0.7 1.9 4.0 3.1 
Soil Organic Carbon 31.7 ± 1.0 1.0 3.0 2.1 
Total 86.9 ±2.4 12.2 21.1 17.0 
Foliar N 
Live Tree 36.5 ±2.3 6.7 3.9 5.2 
Standing Dead Tree 4.5 ± 0.7 -1.5 -1.4 -1.4 
Down Dead Wood 2.8 ± 0.3 0.6 0.6 0.6 
Understory 0.7 ±0.1 -0.1 -0.2 -0.2 
Forest Floor 10.8 ±0.7 3.7 4.0 3.9 
Soil Organic Carbon 31.7 ± 1.0 1.0 3.0 2.1 
Total 86.9 ±2.4 10.4 10.0 10.2 
Note: Foliar N values displayed arc those under the applied 2.0% turnover rate. Forest floor carbon is a function of forest type and 
stand age; Forest floor values differ in the Foliar N estimates due to the constraint on the applied average carbon densities described in 
the Alternate Yield Curve Dependent Carbon Estimates section. 
Even adjusting for differences in biomass estimation, the live tree carbon pool had 
the largest influence on the difference between the estimates of COLE and the CDS-
derived estimates (Table 4-8). GSV is a predictor of live tree carbon. In general, the yield 
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curves of COLE were lower than those used to determine the alternate estimates, with the 
Foliar N curves being in closest proximity followed by the FIBER and Regional curves, 
respectively (Figure 4-12). Stand age is generally difficult to determine in the field, 
therefore the method of generating the COLE yield curves (i.e., fitting GSV estimates, 
from the low number of available plots [Table 4-9], to the AC categories) contributed to 
the irregular trends in the yield curves over time. 
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Figure 4-12. COLE, FIBER, Regional and Foliar N yield curves by ELC*. 
•Ecological Land Class; SM-A is Sugar Maple-Ash; B-RM is Bccch-Rcd Maple; S-F is Spruce-Fir; A-B on SM-A is 
Aspen-Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is 
Aspen-Birch on a Spruce-Fir site 
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Table 4-9. Current Forest Inventory and Analysis plot distribution on the White 
Mountain National Forest (from the Carbon Online Estimator) by age and forest type-
group. 
Forest Ty pe- Group 
Age White-red-jack pine Spruce-fir Oak-hickory 
Maple-beech-
birch Aspen-birch All 
- years — - number of plots* --
10 - - - 1 1 
20 _ 1 - 1 2 
30 _ 1 . _ 1 . 
40 1 - 1 2 4 
50 2 - 4 2 8 
60 1 - 10 2 13 
70 _ 8 - 13 1 22 
80 1 3 1 11 6 22 
90 1 3 1 9 _ 14 
100 3 - 9 12 
110 _ 1 3 _ 4 
120 1 _ - - - 1 
150 - _ - 1 - 1 
160 1 - . 1 
All 4 24 2 63 13 106 




Forests that are accruing more volume than that which is being lost through 
mortality are increasing their total carbon stocks (Birdsey 1992, Birdsey 1996, Smith et 
al. 2006). The declining trend in average annual carbon stock change (Figure 4-5-B) was 
indicative of the expected decrease in the rate of GSV accumulation as the majority of the 
forest entered advanced ACs. The main analysis, FIBER and Regional average total 
forest carbon estimates were in tight agreement with one another throughout the study 
timeframe; with the Foliar N estimates being noticeably lower (Figure 4-6). 
The FIBER yield curves were originally developed for MA2.1 lands specifically. 
Neither established yield curves nor statistically defensible inventory data, to generate 
yield curves, were available to represent the Non-MA2.1 lands specifically. Therefore, I 
decided to apply the Regional yield curves to these areas in the main analysis. MA2.1 
lands had a minimum productivity requirement (20ft3/ac/yr), while the Non-MA2.1 lands 
included both productive and unproductive lands. Thus, it is most likely that the average 
productivity of Non-MA2.1 lands was actually lower than that of the MA2.1 lands. 
Because the Regional curves generally accrued more GSV into advanced ACs, versus the 
FIBER curves (Figure 4-1), applying them to the Non-MA2.1 lands likely resulted in 
overestimation, relative to MA2.1, of carbon over time (Table 4-5). 
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A key assumption was that age and average GSV could be used interchangeably 
to reference the lookup tables and result in comparable carbon estimates for the MA2.1 
versus the Non-MA2.1 lands over time. Comparison of carbon estimates derived from 
different methodologies may result in differences that are methodological in origin, rather 
than biological. The projections of average GSV were developed from MA2.1 plot-level 
inventory data and evaluated in terms of accuracy and reasonableness, as part of WMNF 
LRMP planning process (USDAFS 2005a). MA2.1 estimates, based on this information, 
were in closer proximity to those of COLE, which were based on an unbiased inventory 
sample of the forest (i.e., FIA data). 
105,160 acres, designated as MA2.1, did not have corresponding GSV projections 
in the LRMP. I assigned these areas carbon densities calculated as the total forest average 
of the corresponding year. In actuality, the descriptions of these areas suggested they 
were more similar to those of the Non-MA2.1. Thus, assigning averages based on the 
Non-MA2.1 areas alone would likely have resulted in more appropriate values. This was 
probable source of error and likely contributed to carbon being underestimated on these 
105,160 acres over time. 
The Non-MA2.1 carbon estimates were based on stand age alone, with GSV 
being estimated as that predicted by the applied yield curves at the corresponding stand 
age. Stand age is often difficult to determine in the field. In addition, the inventory data 
quality analysis showed that the majority of inventory information, on which the Non-
MA2.1 carbon estimates were based, was from surveys that were conducted in the fairly 
distant past and not based on a plot-level inventory. 
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The CDS data were subject to a number of biases. Using these data to develop age 
distributions, for the Non-MA2.1 lands, resulted in carbon estimates that were subject to 
those same biases. Although Non-MA2.1 lands are omitted from harvest and large scale 
disturbance is, on average, limited to 1-2% of the land base annually (USDAFS 2005b), 
projecting relatively old information on stand age, without accounting for disturbance or 
verifying the projections (e.g. through field sampling or cross-checking with independent 
data), could result in unrealistic age distributions over time (e.g., the accumulation and 
retention of acreage in the most advanced ACs). Without remeasurement data, reliable 
yield curves, or cross validation information, projecting such old AC data was 
unavoidable when utilizing the CDSDB. This, in conjunction with the fact that, even 
when the same yield curves were applied to each area, the Non-MA2.1 carbon estimates 
were notably higher than those of the MA2.1 lands (which were not exceedingly different 
from those of COLE), suggests that carbon for these areas was likely overestimated using 
the approach employed in this study. 
In the Foliar N approach, the applied 2% turnover rate had a high influence on 
carbon accumulation over time. Applying a 1.5% turnover rate increased the amount of 
GSV accumulation. This corrected for the inconsistency in the GSV predictions of the 
yield curves and those projected in the LRMP; but on the other hand, it moved them 
further away from those projected by the COLE yield curves. The influence the applied 
turnover rate had on the dependent carbon estimates suggests that, to use this approach, 
accurate turnover rate estimates are necessary. The original turnover rate was based on 
only several papers that suggested 2% would be an appropriate estimate for the WMNF. 
Literature was not available that specifically described a rate that could be applied to the 
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WMNF as a whole. Further research is needed in order to prove the most appropriate 
turnover rate for the WMNF. 
Constraining stand growth to AC7, as well as the AC categories being assigned 
by 20-year classes, failed to capture short term changes in carbon stocks, forest growth 
dynamics and additional sequestration past 120 years of age. Studies have shown that as 
forest stands age, the rate of carbon accumulation slows but may continue at a low rate 
into advanced and old growth ACs (Luyssaert et al. 2008, Zhou et al. 2006, Knohl et al. 
2003). Not tracking additional growth, by allowing acres to accumulate in AC7, failed to 
account for additional carbon sequestration in stands that transitioned to more advanced 
ACs over time. By not constraining stand age and compiling the yield curves by exact 
age or smaller AC categories, the dependent carbon estimates would more accurately 
reflect changes in WMNF carbon sequestration over time. 
Although harvested wood carbon stocks were found to be low, stock change 
attributable to these pools, over the entire projection period, contributed a relatively large 
amount to that of the total forest sector. Not accounting wood harvested pre-1984 was a 
major shortcoming for interpreting the results for the effect of cumulative harvests on 
total forest sector carbon over time (Figure 4-3 and 4-4). In the initial years after a 
harvest occurs, the majority of carbon in harvested wood is allocated to either products in 
use or in landfills; as time since harvest increases, more carbon shifts to one of the 
emissions pools, with the majority of emissions occurring within the first 25 years 
(Birdsey 1996, Row and Phelps 1996, Smith et al. 2006). By not including more historic 
information on harvest volumes, carbon stock estimates were underestimated as stocks 
accumulated from zero. The extent of this underestimation is ultimately dependent on the 
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actual level of harvest pre-1984. The results must be amended with additional 
information from historical records to generate more decisive estimates of current 
harvested carbon stocks and the average rate of stock change. 
The WMNF experiences occasional large scale natural disturbances (e.g. the ice 
storm of 1998) however natural disturbance events, on average, are limited to 1-2% of the 
land base annually (USDAFS 2005b). This level of disturbance is comparable to that 
attributable to timber harvest which occurs on about 1% of the total WMNF land base per 
year (USDAFS 2005b). Land use change and total acreage estimates, by forest type and 
AC, are important aspects to consider in forest carbon accounting. Accurate area totals 
are needed to multiply by carbon density to produce accurate estimates of forest carbon 
stocks (Houghton 1995). Changes in land use (or land cover) alter the amount of area in 
each land use category, directly influencing final estimates of forest carbon stocks. In 
addition, past land use history of a site may contribute to differences in carbon stocks 
among similar forest types (Woodbury et al. 2007b, Heath and Smith 2000a, Caspersen et 
al. 2000). Public lands generally do not experience the dynamics in forestland area that 
are seen on private forestlands, especially in the Northeastern U.S. (Smith et al. 2009, 
Smith et al. 2001, Birdsey and Lewis 2002). Thus, although the effects of disturbance and 
land use change are not expected to cause major changes to the projected carbon 
estimates over the short term, they are important facets to consider when interpreting long 
range projections. 
The semi-independent carbon estimates from COLE were in disagreement with 
the CDS-derived estimates (with the MA2.1 estimates being in closer proximity, as 
discussed previously). Although only 106 FIA plots were located on the WMNF (Table 
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4-9), the corresponding total forest carbon standard deviation was relatively small (within 
10% of the mean, at 95% confidence) (Figure 4-11). Interestingly, although the Foliar N 
approach was found to be inconsistent with the GSVs projected in the LRMP, the Foliar 
N yield curves were the closest to those of COLE (Figure 4-12). Considering the 
simplicity of the model and the inconsistencies with the other approaches, this 
relationship offers insight to the merit of the approach for further investigation and future 
efforts of forest carbon accounting. 
Registering with the U.S. Voluntary Reporting of GHGs Program, 1605(b) 
Overview 
One of the goals of the FS is to establish a complete GHG inventory to quantify 
the agency's carbon footprint (USDAFS 2008a). A wide variety of forestry activities 
affect levels of carbon sequestration or emission (e.g. afforestation, forest management, 
the production of wood products, and biomass energy production). Each GHG registry 
has its own set of standards on reporting such activities, most of which emphasize that all 
reported activities must be real, additional, verifiable, and permanent (USDOE 2007b, 
CCAR 2007, CCX 2009). 
1605(b) is a voluntary GHG reporting program. Participation in 1605(b) requires 
that large entities, which could include individual national forests, calculate and report a 
complete GHG gas inventory, including all emissions and sequestrations from within 
management boundaries (USDOE 2007a). My study focused on forest resources only, 
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thus future work must include accounting for GHG emissions and reductions in the other 
sectors of the WMNF. 
According to the program's technical guidelines, the forest ecosystem pools that 
must be considered when estimating total forest ecosystem carbon are live trees, standing 
dead trees, understory vegetation, down dead wood, forest floor and soil organic carbon 
(USDOE 2007a). Carbon estimates submitted to 1605(b) are subject to the program's 
rating system (Table 5-1). Estimation methods resulting in a rating of A are assigned 4-
points, B 3-points, C 2-points and D 1-point. The total carbon stock weighted average 
rating must be 3 or higher for the estimates to be considered registered reductions 
(USDOE 2007a). 
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Table 5-1. Forestry sector rating system for the U.S. Voluntary Reporting of Greenhouse 
Gases Program, 1605(b) . ^ 
Forest Ecosystem Carbon Pools Harvested Wood Pool Rating 
Estimates from lookup tables that match specific site 
conditions and management practices, as documented 
using independent data or information. 
Use of the COLE model or an approved model, 
validated with data specific to the site conditions and 
management practices. 
Sampling with quantified accuracy 
Use of an approved model 
validated with data specific to the 
product mix of the entity 
A 
Estimates in lookup tables adapted to specific site 
conditions and management practices. 
Use of an approved model that is parameterized 
specifically for site conditions and management 
practices. 
Use of the COLE model 
Use of specific data on harvest and 
product mix and default decay 
factors from Smith et al. (2006) 
B 
Typical application of regional lookup tables that 
generally match the site conditions and management 
practices. 
Use of an approved model that generally matches site 
conditions and management practices. 
Use of aggregate data on harvest 
and default decay factors from 
Smith et al. (2006) 
C 
Use of lookup tables for site conditions and 
management practices that are not represented by the 
tables 
D 
•from USDOE 2007a 
Data on forest stands to be included in the report are subject to strict inventory 
and monitoring requirements in order to maintain accurate estimates of carbon to known 
levels of precision (USDOE 2007a). The accepted estimation approaches include lookup 
tables, models and direct measurement. The default set of lookup tables is the same as 
that used in this study, GTR343. The tables, in their original form, contain broad average 
values that are multiplied by the corresponding total acreages to generate estimates of 
total forest ecosystem carbon stocks. Because they are broad regional averages, the level 
of uncertainty in the values increases as they are applied to smaller land areas. As 
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conducted in my study, the 1605(b) guidelines recommend adjusting these tables to better 
represent site-specific forest yields, if the data are available. 
Assessment of Carbon Estimates 
In this study, only the Regional yield curves were compiled from plot-level data 
that fit the requirements set forth by 1605(b). These curves represent average regional 
values and thus would receive a rating of C. The FIBER curves were developed from 
MA2.1 plot-level data, and evaluated for accuracy, as part of the WMNF LRMP planning 
process (further information can be found in Appendix B of USDAFS 2005a). I used 
these curves to adjust the average values in the GTR343 tables to the specific site 
conditions as indicated by the FIBER yield curves. If an acceptable level of precision 
(i.e., within 10% of the mean, at 95% confidence) could be assigned to these data, this 
methodology would receive a rating of B when used on MA2.1 lands for which they were 
developed. 
Finally, due to the lack of verification of accuracy, no sensitivity analysis and the 
assumed 2% turnover rate not being a peer reviewed value, the Foliar N approach did not 
meet the 1605(b) requirements as an acceptable forest carbon accounting model (USDOE 
2007a). The 1605(b) technical guidelines state that the principal elements that must be 
considered when using a model are: it must have gone through the scientific peer review 
process, a quantitative comparison of the model results to field observations has to have 
been conducted and results verified the accuracy of the model, and a sensitivity analysis 
must have been completed (USDOE 2007a). 
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Concerning estimation methods, a rating of A could be achieved by: 1) verifying 
that the information in the lookup tables matches actual site conditions and management 
practices; and if they do not, adjusting them appropriately; 2) use of a model that has 
been validated with current site specific data; or 3) direct measurement of forest carbon 
with a documented level of precision within that required by the program (USDOE 
2007a). 
In conclusion, the weighted average rating must be 3 or higher for the estimates to 
be considered registered reductions by 1605(b). Although some of the underlying 
information used in this study would receive acceptable grades, because the CDS 
inventory data were not based on a statistically defensible sampling protocol, the 
dependent carbon estimates cannot be reported with 1605(b) program and accepted as 
registered reductions. The guidelines are strict in stating that estimates must be within 
reasonable levels of precision; and due to the nature of CDS data collection, a level of 
precision in the final results could not be calculated. In addition, multiple approaches 
were used to generate estimates for the different land areas. This resulted in potential 
error that was methodological in origin rather than representative of actual biological 
differences. Such sources of error must be reconciled before registering with the 1605(b) 
program could become a reality. 
The final recommendation to participate in the 1605(b) program and develop a 
reliable estimate of forest carbon would be to focus on the available FIA inventory data 
and the estimates produced by COLE. In contrast to the CDS approach, the COLE 
approach produced forest ecosystem carbon estimates that would be accepted by the 
program and receive a grade of B. According to the 1605(b) technical guidelines, COLE 
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is an acceptable model on which to generate forest carbon estimates. COLE bases its 
estimates on FIA data and because these data are collected under a strict protocol that 
gathers and maintains statistically defensible inventory data, they are accepted by the 
program. The COLE estimates were within 10% of the mean (at 95% confidence) and 
thus met the precision requirements. To receive the highest grade of A, the assumptions 
of the COLE model would have to be validated with data specific to the WMNF site 
conditions and management practices. 
Conclusions 
The goal of forest carbon accounting is to accurately quantify stocks and stock 
change to known levels of precision. If there is to be standardized forest carbon 
management, it is necessary to show that stocks and stock change can be accurately 
quantified. Although a quantitative level of uncertainty was not able to be developed for 
the CDS-derived estimates, conducting the analyses and examining the available local 
inventory data offered some insight on the enhancements needed to produce accurate 
estimates of forest carbon to known levels of precision for the WMNF. 
The chosen research approach had its strengths and weaknesses. The Foliar N 
yield curves and carbon estimates (under the 2.0% turnover rate) were the most similar to 
those of COLE, but were found to be inconsistent with the average GSVs projected in the 
LRMP. The Regional and FIBER yield curves were consistent with the level of GSVs 
projected by the LRMP, but the dependent carbon estimates (along with those from the 
main analysis) were found to be the most dissimilar to those of COLE. This contradiction 
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between approaches requires additional research to understand why there was such a 
discrepancy between average GSV projections based on the CDS inventory data (i.e., 
from the LRMP) and those based on the unbiased FIA inventory data as projected by 
COLE. 
The product of the COLE analysis was an accurate estimate of forest ecosystem 
carbon to a known level of precision. The major advantage of generating carbon 
estimates with COLE was the ability to estimate standard error. CDS lacked the 
information necessary to generate such estimates, so average carbon densities were 
presented without confidence limits, leaving it impossible to establish a level of precision 
in the final numbers under this approach. The CDS data were subject to the same sources 
of error as the FIA data, as well as a number of biases (see Methods, Forest Carbon 
Stocks and Stock Change section). Plot-level data were not available for 45% of the total 
forested land area and the ad-hoc nature of data collection resulted in a non-random 
sample of stands that contained high densities of plots during any specific timeframe. 
Despite this, the available plot data could have been utilized to cross-check some of the 
assumptions and results. In addition, a number of tools are available to quantify forest 
carbon, such as the Carbon Calculation Tool (CCT) (Smith et al. 2008) and Forest 
Vegetation Simulator (FVS) (Hoover and Rebain 2008, Rebain 2009), that could be used 
as a basis for generating additional carbon estimates for cross-validation. Nonetheless, 
without further information that could be used to develop some level of confidence in the 
CDS-derived estimates, the precision of the results will remain in question. 
The WMNF has since transitioned to a new inventory DB structure, FSVeg-DB 
(i.e., Field Sampled Vegetation Database). FSVeg directly links plot-level inventory data 
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with stand-level summaries and maintains documentation of previous inventory attributes 
at the stand-level (USDAFS 2010). Although a statistically defensible forest-wide 
inventory and monitoring program has yet to be established, the new DB structure will 
facilitate forest carbon accounting efforts in the future. 
An enhanced forest-wide inventory and monitoring program, with a statistically 
defensible sampling design, could offer an approach to WMNF inventory data collection 
in agreement with developing accurate forest carbon estimates to known levels of 
precision. Available inventory guidelines and specific field measurement protocols are 
available that are consistent with the requirements of the 1605(b) program (USDOE 
2007a). Data collection techniques are based on common principles of forest inventory. 
Forest carbon research programs also provide guidance for related inventory 
protocols; for example, the North American Carbon Program (NACP) (Hoover 2008). 
Implementing protocols that are consistent with independent programs, such as the 
NACP, would allow the WMNF to participate in, and take advantage of, broader scale 
carbon research, models and tools. Hoover (2008) outlines an intermediate-scale carbon 
inventory and monitoring design that would be appropriate for the spatial scale of the 
WMNF, although the protocols are more intensive than feasible or necessary for the NFS. 
The protocols are designed to collect sufficient data to capture important forest carbon 
information, including data to produce stock and stock change estimates over time, as 
well as those needed to link to RS imagery and existing processing models (Hoover 
2008). 
Initial efforts should be conducted on the Non-MA2.1 lands. Only a small percent 
of the Non-MA2.1 inventory information fell within the high relative quality category, 
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with the majority being from the relatively distant past and not based on a plot-level 
inventory (Figure 4-10). Although Non-MA2.1 lands account for approximately 55% of 
the forestland base, recent plot-level inventories were lacking. The Non-MA2.1 carbon 
estimates suggested that these areas were having the most influence on the magnitude of 
total carbon stocks and stock change over time; but the underlying inventory data, on 
which the results were developed, were subject to a number of potential biases that 
contributed to the overall qualitative uncertainty in the final results. 
This study was designed to assess the feasibility of developing estimates of 
WMNF forest carbon based on the available information. The yield curves, inventory 
data and resulting carbon projections were dependent on a number of assumptions and 
subject to various sources of error and bias. Thus, they should not be relied on as 
definitive estimates and forecasts, or used as a basis for policy recommendations. Under 
the specific approaches used in this study, forest carbon stocks appear to be accumulating 
in the WMNF and are expected to continue to increase at a decreasing rate into the 
foreseeable future. Underlying assumptions and inventory data had large influences on 
the estimates of forest carbon accumulation over time. As additional information 
becomes available and enhancements to the inventory and monitoring program take 
place, a level of confidence may be placed in CDS-derived carbon estimates, but until 
that time the precision of the estimates will remain in question. Presently, the output from 
COLE provides an accurate estimate of forest ecosystem carbon to known levels of 
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AC Age Class 
AG Above Ground 
BG Below Ground 
B-RM Beech-Red Maple 
C02 Carbon Dioxide 
CDS Combined Data System 
COLE Carbon Online Estimator 
DB Database 
ELC Ecological Land Class 
ELT Ecological Land Type 
FEIS Final Environmental Impact Statement 
FIA Forest Inventory and Analysis 
FS Forest Service 
ft3 Cubic Feet 
GHG Greenhouse Gas 
GSV Growing Stock Volume 
LRMP Land and Resources Management Plan 
m3 Cubic Meters 
MA Management Area 
MBB Maple-Beech-Birch 
MMBF Million Board Feet 
Mt Mega-Metric Tons 
N Nitrogen 
NFS National Forest System 
RS Remote Sensing 
SE Sampling Error 
S-F Spruce-Fir 
SM-A Sugar Maple-Ash 
t Metric Tons 




Definitions of forest ecosystem and harvested wood carbon pools*. 
Forest Ecosystem 
Live trees 
Live trees with diameter at breast height (d.b.h.) of at least 2.5 cm 
(1 inch), including coarse roots (greater than 0.2 to 0.5 cm), stems, 
branches and foliage 
Standing 
dead trees 
Standing dead trees with d.b.h. of at least 2.5 cm, including coarse 
roots, stems and branches 
Understory 
vegetation 
Live vegetation that includes the roots, stems, branches and foliage 
of seedlings (trees less than 2.5 cm d.b.h.), shrubs and bushes 
Down dead wood 
Woody material that includes logging residue and other coarse 
dead wood on the ground and larger than 7.5 cm in diameter, and 
stumps and coarse roots of stumps 
Forest floor 
Organic material on the forest floor that includes fine woody 
debris up to 7.5 cm in diameter, tree litter, humus and fine roots in 
the organic forest floor layer above mineral soil 
Soil organic 
matter 
Belowground carbon not including coarse roots but including fine 
roots and all other organic carbon not included in other pools, to a 
depth of 1 meter 
Harvested Wood 
Products in use End-use products that have not been discarded or otherwise destroyed 
Landfills 
Discarded wood and paper in landfills where most carbon is stored 
long-term and only a small portion of the material is assumed to 
degrade, at a slow rate 
Emitted with 
energy capture 
Combustion of wood products with concurrent energy capture as 
carbon is emitted to the atmosphere 
Emitted without 
energy capture 
Carbon in harvested wood emitted to the atmosphere through 
combustion or decay without concurrent energy capture 
From Smith et al. (2006) 
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APPENDIX A 
Parameters for aggregating Combined Data System stand data to ecological land class 
(ELC) classifications. 
ELC Code ELC ELT* Forest Type 
1 Sugar Maple-Ash 3, 9, 13, 14, 37, 43, 46, 51,53, 58, 59, 60, 64 <91 
2 Beech-Red Maple 1,2, 4, 5, 6, 7, 10, 11, 12,44, 45, 49, 52, 54, 55, 56, 57, 62, 65 <91 
3 Spruce-Fir 
8, 15, 16, 17, 18, 19, 20, 21,22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 38, 39, 40, 41, 
42, 47, 48, 50, 61, 63 
<91 
4 Aspen-Paper Birch on SM-A 3,13, 14,37, 43, 58, 60 91, 92, 95 
5 Aspen-Paper Birch on B-RM 2,4, 10, 11,44,45, 49, 51,52, 55, 56, 62 91, 92, 95 
6 Aspen-Paper Birch on S-F 8, 18, 24,25, 26, 27, 32, 33, 36, 38, 39, 40, 41,47, 50,61,63 91, 92, 95 
*ELT is Ecological Land Type 
Forest Type 
01-09 White-red-jack-pine in which eastern white pine, red pine or jack pine, singly or in combination, 
comprises a plurality of the stocking. 
11-19 Spruce-Fir in which spruce or true firs, single or in combination, comprise a plurality of the 
stocking. 
31-38 Loblolly-shortleaf pine in which loblolly pine, shortleaf pine, or southern yellow pines except 
longleaf or slash pine, single or in combination, comprises a plurality of the stocking 
Common associates: oak, hickey, and gum 
41-49 Oak-pine in which hardwoods (usually upland oaks) comprise a plurality of the stocking but in 
which pine comprise 25-50 percent of the stocking 
Common associates: gum, hickory, and yellow poplar 
51-59 Oak-hickory in which upland oaks or hickory, singly or in combination, comprises a plurality of 
the stocking, except where pines comprise 25-50 percent, in which case, the stand would be 
classified as oak-pine 
Common associates: yellow-poplar, elm, maple, and black sweetgum, walnut 
61-67 Oak-gum-cypress Bottomland in which tupelo, blackgum, sweetgum, oaks, or southern cypress, 
single or in combination, comprises a plurality of the stocking except where pines comprise 25-50 
percent in which case the stand would be classified as oak-pine 
Common Associates: cottonwood, willow, ash, elm, hackberry, and maple 
71-79 Elm-ash-cottonwood in which elm, ash or cottonwood, singly or in combination, comprises a 
plurality of the stocking 
Common associates: willow, sycamore, beech and maple 
81-89 Maple-Beech-Birch in which maple, beech, or yellow birch, singly or in combination, comprises a 
plurality of the stocking 
Common associates: hemlock, elm, basswood, and white pine. 
91-95 Aspen-birch in which aspen, balsam poplar, paper birch, or gray birch single or in combination, 
comprises a plurality of the stocking 




List of contents in the Combined Data System. 
STAND SUMMARY 
Title Description Frequency* 
REGION Region code M 
FOREST Forest code M 
DISTRICT District code M 
COMPARTMENT Compartment number M 
STAND Stand number M 
STAND ID Stand identification number M 
ACRES Number of acres M 
ELEVATION Altitude above mean sea level F 
SLOPE_ASPECT Direction slope is facing F 
SLOPE PERCENT Slope gradient or inclination S 
SLOPE POSITION Location of slope S 
SOIL_TYPE Soil classification series F 
GEOLOGY Soil parent material F 
LTA Land Type Association F 
ELT Ecological Land Type M 
SITE_SPECIES Tree species M 
SITEJNDEX Measured potential sire quality M 
YEAR_OF_ORIGIN Stand birth date M 
FORESTJYPE Valid forest type of stand M 
SIZE DENSITY Stem size occurrence M 
TOTAL_BA Basal area of all live trees M 
MERCH BA Basal area of merchantable trees F 
SAP BA Basal area of saplings F 
POLE_BA Basal area of pole sized trees F 
SAW BA Basal area of saw sized trees F 
Timber stand improvement basal area; 
TSI BA basal area to be removed by TSI F 
Average diameter at breast height of 
STAND DBH stand trees M 
Average diameter at breast height of 
POLE DBH pole sized trees F 
Average diameter at breast height of 
SAW DBH saw sized trees F 
STAND CONDITION Stand condition (e.g. mature, sparse) M 
OP SEASONAL Operation restrictions, seasonal F 
OP EQUIPMENT Operation restrictions, equipment F 
OP_ACCESS Operation restrictions, access F 
OP_GEOLOGY Operation restrictions, geology F 
Portion of stand with satisfactory 
STOCKING PERCENT stocking of tree species F 
SEED_POTENTIAL Seed production potential within stand F 
NBR_PLOTS Number of survey plots within stand M 
VEGETATIONTYPE Type of understory vegetation F 
ANIMAL HABITAT TYPE Animal habitat type F 
TYPE_SURVEY Method used to examine the stand M 
*Many attributes do not contain values. Frequency refers to the quantity of stand entries that contain a 
value for the given attribute. M is most, S is some and F is few. 
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STAND S U M M A R Y (continued) _ _ _ _ 
Title Description Frequency* 
LSC Land suitability class M 
VQO Visual Quality Objective F 
ROS_CLASS Recreation opportunity spectrum class F 
FOREST_TYPE_OBJECTIVE Desired forest type M 
ANIMAL_HABITAT_OBJECTIVE Desired animal habitat type F 
COMMUNITY_TYPE_OBJECTIVE Desired community type F 
EVENUNEVEN Silvicultural system M 
OLDGROWTH As defined by Forest Plan F 
MNGMNTOBJECTIVE List of valid management objectives M 
SITE_SPECIES_OBJECTIVE Desired site species F 
SITE_INDEX_OBJECTIVE Desired site index F 
SI_RELIABILITY Reliability of the site index estimate M 
MNGMNTAREA Management area designation M 
MNGMNT_AREA_SUB Management area sub-unit F 
OPPORTUNITY_AREA Multi-compartment planning area M 
ANALYSIS_AREA Forest Plan analysis area number F 
FORPLAN_RX Forest Plan prescription F 
PRIMARYSUKIND Primary special unit kind F 
PRIMARY SU ID Primary special unit identification F 
SECONDARY_SU_KIND Secondary special unit kind F 
SECONDARY_SU_ID Secondary special unit identification F 
Special feature definition for same item is 
"live tree 25% higher/taller than majority of 
SUPERCANOPY dominant or co-dominant trees in the stand F 
OVERSTORY HEIGHT Height of upper tree canopy F 
OVERSTORYCROWN_CLOSURE Percent of the upper canopy that is closed F 
UNDERSTORYJHEIGHT Height of lower tree canopy F 
UNDERSTORY_CROWN_CLOSURE Percent of the lower canopy that is closed F 
FORBS GROUND COVER Percent of ground covered by forbs F 
DAMAGETYPE Kind of vegetation damage F 
DAMAGE_AGENT cause of vegetation damage F 
Percentage of trees affected (damaged) by 
DAMAGE PERCENT damage agent F 
SURVEY YEAR Year stand was examined M 
OPERABILITY Wood products that could be harvested S 
REMARKS Notes, comments, etc. S 
PHYSICAL_ATTRIBUTES_LOCAL_1 (Local use) F 
PHYSICAL_ATTRIBUTES_LOCAL_2 (Local use) F 
PHYSICAL_ATTRIBUTES_LOCAL_3 (Local use) F 
VEGETATIVE_LOCAL_1 (Local use) F 
VEGETATIVE_LOCAL_2 (Local use) F 
VEGETATIVE_LOCAL_3 (Local use) F 
MNGMNT_DIRECTION_LOCAL_1 (Local use) F 
MNGMNTDIRECTIONLOCAL2 (Local use) F 
*Many attributes do not contain values. Frequency refers to the quantity of stand entries that contain a 
value for the given attribute. M is most, S is some and F is few. 
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STAND SUMMARY (continued) 
Title Description Frequency* 
UNIT_LOCAL_1 (Local use) F 
UNIT_LOCAL_2 (Local use) F 
UNIT_LOCAL_3 (Local use) F 
UNIT_LOCAL_4 (Local use) F 
UNIT_LOCAL_5 (Local use) F 
UNIT_LOCAL_6 (Local use) F 
CREATED_BY Person that created the entry F 
CREATED_DATE Date the entry was created F 
MODIFIED_BY Person that last modified the entry M 
MODIFIEDDATE Date the entry was last modified M 
PLOT SUMMARY 
Title Description Frequency* 
REGION Region code M 
FOREST Forest code M 
DISTRICT District code M 
COMPARTMEN Compartment number M 
STAND Stand number M 
STANDJD Stand identification number M 
PLOTID Plot identification number M 
LINENUMBER Plot entry line number M 
NUMBER_OF_ Individual tree number M 
TREATMENT Tree treatment M 
SPECIES Tree species M 
DBH Diameter at breast height M 
CLASS Valid tree class M 
CREATED_BY Person that created the entry M 
CREATED_DA Date the entry was created M 
MODIFIEDB Person that last modified the entry F 
MODIFIED_D Date the entry was last modified F 
*Many attributes do not contain values. Frequency refers to the quantity of stand entries that contain a 
value for the given attribute. M is most, S is some and F is few. 
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APPENDIX A 
Example interpolation of an original carbon lookup table with a representative yield 
curve. 
Subset of original reforestation carbon lookup table for maple-beech-birch stands in the 
Northeast (Smith et al. 2006): 
Mean Carbon Density 
Age Mean Volume Live 
Tree 
Standing 








years ft3/ac (t/ar\ 
0 0 0.0 0.0 0.8 13.0 11.2 28.1 
5 0 3.0 0.3 0.8 8.8 8.2 28.1 
15 400 12.9 I I M i l l l l 0.8 4.7 6.6 28.1 
25 830 21.5 h M h 3.2 n N M 28.1 
35 1280 29.5 2.4 0.7 2.8 8.2 28.1 
45 1702 35.3 2.7 0.7 2.8 9.3 28.1 
Subset of WMNF FIBER yield curve: 







Example interpolation calculations for WMNF FIBER- age 20 and mean volume 750 
ft3/ac: 
Live Tree carbon (t/ac) = (750-400) / (830-400) * (21.5-12.9) + 12.9 = 17.5 
Standing Dead Tree carbon (t/ac) = (750-400) / (830-400) * (2.1-1.3) + 1.3 = 1.7 
Understory carbon (t/ac) = (17.5-12.9) / (21.5-12.9) * (0.7-0.8) + 0.8 = 0.7 
Down Dead Wood carbon (t/ac) = (17.5-12.9) / (21.5-12.9) * (3.2-4.7) + 4.7 = 3.9 
Forest Floor carbon (t/ac) = (20-15) / (25-15) * (7.1-6.6) + 6.6 = 6.9 
Soil Organic carbon (t/ac) = 28.1 
Resulting carbon lookup table: 
Mean Carbon Density 
Age Mean Volume Live 
Tree 
Standing 









0 0 0.0 0.0 0.8 13.0 11.2 28.1 
10 370 12.2 1.2 0.8 5.0 7.4 28.1 
20 750 17.5 1.7 0.7 3.9 6.9 28.1 
30 1120 26.7 2.3 0.7 2.9 7.7 28.1 
40 1490 32.4 2.5 0.7 2.8 8.8 28.1 
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APPENDIX A 
Regional carbon lookup table. 




























SM-A 0-19 286.1 8.2 0.8 0.8 8.5 9.0 28.1 27.3 
20-39 1032.1 24.5 2.1 0.7 3.4 7.8 28.1 38.5 
30-59* 1865.9 37.7 2.7 0.7 3.0 9.7 28.1 53.7 
60-79 2597.5 47.5 3.0 0.7 3.4 11.4 28.1 66.0 
80-99 3214.8 55.4 3.2 0.7 3.9 12.6 28.1 75.9 
100-119 3718.6 61.6 3.4 0.7 4.4 13.6 28.1 83.6 
120+ 4046.9 65.6 3.5 0.6 4.7 14.2 28.1 88.5 
B-RM 0-19 286.1 8.2 0.8 0.8 8.5 9.0 28.1 27.3 
20-39 1032.1 24.5 2.1 0.7 3.4 7.8 28.1 38.5 
30-59* 1865.9 37.7 2.7 0.7 3.0 9.7 28.1 53.7 
60-79 2597.5 47.5 3.0 0.7 3.4 11.4 28.1 66.0 
80-99 3214.8 55.4 3.2 0.7 3.9 12.6 28.1 75.9 
100-119 3718.6 61.6 3.4 0.7 4.4 13.6 28.1 83.6 
120+ 4046.9 65.6 3.5 0.6 4.7 14.2 28.1 88.5 
S-F 0-19 132.5 5.1 0.5 0.7 6.0 10.8 39.7 23.1 
20-39 586.0 15.5 1.6 0.6 3.3 9.2 39.7 30.2 
30-59 1260.1 25.1 2.5 0.6 2.9 11.7 39.7 42.8 
60-79* 1946.6 33.4 3.0 0.5 3.3 13.8 39.7 54.0 
80-99 2568.6 40.4 3.2 0.5 3.8 15.4 39.7 63.3 
100-119 3129.1 46.5 3.3 0.5 4.3 16.6 39.7 71.2 
120+ 3531.0 50.7 3.4 0.5 4.7 17.4 39.7 76.7 
A-B ON SM-A 0-19 151.9 5.5 0.5 0.8 5.1 3.3 35.4 15.2 
20-39 659.3 17.0 1.3 0.8 2.3 2.9 35.4 24.2 
30-59 1398.0 27.6 2.0 0.8 2.3 3.6 35.4 36.3 
60-79 2233.6 37.7 2.5 0.8 3.0 4.2 35.4 48.2 
80-99 3157.3 48.0 3.0 0.8 3.7 4.6 35.4 60.1 
100-119* 4168.7 58.5 3.4 0.8 4.6 5.0 35.4 72.3 
120+ 5000.0 66.8 3.8 0.8 5.2 5.2 35.4 81.7 
A-B ON B-RM 0-19 151.9 5.5 0.5 0.8 5.1 3.3 35.4 15.2 
20-39 659.3 17.0 1.3 0.8 2.3 2.9 35.4 24.2 
30-59 1398.0 27.6 2.0 0.8 2.3 3.6 35.4 36.3 
60-79 2233.6 37.7 2.5 0.8 3.0 4.2 35.4 48.2 
80-99 3157.3 48.0 3.0 0.8 3.7 4.6 35.4 60.1 
100-119* 4168.7 58.5 3.4 0.8 4.6 5.0 35.4 72.3 
120+ 5000.0 66.8 3.8 0.8 5.2 5.2 35.4 81.7 
A-B ON S-F 0-19 151.9 5.5 0.5 0.8 5.1 3.3 35.4 15.2 
20-39 659.3 17.0 1.3 0.8 2.3 2.9 35.4 24.2 
30-59 1398.0 27.6 2.0 0.8 2.3 3.6 35.4 36.3 
60-79 2233.6 37.7 2.5 0.8 3.0 4.2 35.4 48.2 
80-99 3157.3 48.0 3.0 0.8 3.7 4.6 35.4 60.1 
100-119* 4168.7 58.5 3.4 0.8 4.6 5.0 35.4 72.3 
120+ 5000.0 66.8 3.8 0.8 5.2 5.2 35.4 81.7 
* Inflection point 
** SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Sprucc-Fir; A-B on SM-A is Aspcn-Birch on a Sugar Maple-Ash 
site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is Aspen-Birch on a Spruce-Fir site 
*** May not be the exact sum of corresponding values due to rounding 
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FIBER carbon lookup table. 


























SM-A 0-19 356.0 9.6 0.9 0.8 8.3 9.0 28.1 28.6 
20-39 1101.5 25.9 2.2 0.7 3.2 7.8 28.1 39.7 
30-59* 1846.0 37.4 2.7 0.7 3.0 9.7 28.1 53.4 
60-79 2415.0 45.2 3.0 0.7 3.1 11.4 28.1 63.3 
80-99 2843.0 50.7 3.1 0.7 3.5 12.6 28.1 70.6 
100-119 3135.5 54.4 3.2 0.7 3.8 13.6 28.1 75.7 
120+ 3145.0 54.5 3.2 0.7 3.9 14.2 28.1 76.5 
B-RM 0-19 418.0 10.8 1.0 0.8 8.2 9.0 28.1 29.8 
20-39* 1298.0 29.0 2.4 0.7 3.0 7.8 28.1 42.9 
30-59 2160.0 41.4 2.9 0.7 3.1 9.7 28.1 57.8 
60-79 2791.0 48.0 2.2 0.7 3.5 11.4 28.1 65.7 
80-99 3000.0 50.7 2.1 0.7 3.6 12.6 28.1 69.7 
100-119 3000.5 52.7 3.2 0.7 3.7 13.6 28.1 73.9 
120+ 2980.0 52.4 3.2 0.7 3.7 14.2 28.1 74.2 
S-F 0-19 399.0 9.6 1.0 0.8 5.6 10.8 39.7 27.7 
20-39* 1234.0 24.8 2.5 0.6 3.0 9.2 39.7 39.9 
30-59 2028.5 34.3 3.1 0.5 3.4 11.7 39.7 52.9 
60-79 2696.0 41.8 3.2 0.5 3.9 13.8 39.7 63.3 
80-99 3229.0 47.5 3.4 0.5 4.4 15.4 39.7 71.2 
100-119 3642.5 51.8 3.4 0.5 4.8 16.6 39.7 77.1 
120+ 3870.0 54.1 3.4 0.5 5.0 17.4 39.7 80.7 
A-B on SM-A 0-19 243.0 7.3 0.6 0.8 4.9 3.3 35.4 16.9 
20-39 843.0 20.0 1.5 0.8 2.1 2.9 35.4 27.3 
30-59 1528.0 29.3 2.1 0.8 2.4 3.6 35.4 38.2 
60-79* 2222.5 37.6 2.5 0.8 3.0 4.2 35.4 48.1 
80-99 2843.0 50.7 3.1 0.7 3.5 4.6 35.4 62.6 
100-119 3135.5 54.4 3.2 0.7 3.8 5.0 35.4 67.1 
120+ 3145.0 54.5 3.2 0.7 3.9 5.2 35.4 67.5 
A-B on B-RM 0-19 274.5 7.8 0.6 0.8 4.9 3.3 35.4 17.4 
20-39 974.5 19.5 1.5 0.8 2.1 2.9 35.4 26.7 
30-59* 1775.5 29.8 2.1 0.8 2.5 3.6 35.4 38.7 
60-79 2534.0 41.2 2.7 0.8 3.6 4.2 35.4 52.4 
80-99 3000.0 50.7 2.1 0.7 3.6 4.6 35.4 61.7 
100-119 3000.5 52.7 3.2 0.7 3.7 5.0 35.4 65.3 
120+ 2980.0 52.4 3.2 0.7 3.7 5.2 35.4 65.2 
A-B on S-F 0-19 256.0 7.5 0.6 0.8 4.9 3.3 35.4 17.1 
20-39 916.0 18.7 1.4 0.8 2.1 2.9 35.4 25.8 
30-59* 1681.0 28.7 2.0 0.8 2.4 3.6 35.4 37.5 
60-79 2394.5 39.6 2.6 0.8 3.1 4.2- 35.4 50.3 
80-99 3229.0 47.5 3.4 0.5 4.4 4.6 35.4 60.4 
100-119 3642.5 51.8 3.4 0.5 4.8 5.0 35.4 65.5 
120+ 3870.0 54.1 3.4 0.5 5.0 5.2 35.4 68.2 
* Inflection point 
** SM-A is Sugar Maple-Ash; B-RM is Bccch-Red Maple; S-F is Spruce-Fir; A-B on SM-A is Aspen-Birch on a Sugar Maple-Ash 
site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is Aspen-Birch on a Spruce-Fir site 
*** May not be the exact sum of corresponding values due to rounding 
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Foliar N carbon lookup table. 
























so i l * " 
(t/ac) 
SM-A 0-19 272.6 7.9 0.8 0.8 8.5 9.0 28.1 27.0 
20-39 848.5 21.7 2.1 0.7 3.3 7.8 28.1 35.5 
30-59 1364.1 30.8 2.5 0.7 2.6 9.7 28.1 46.3 
60-79 1777.0 36.8 2.7 0.7 2.7 11.4 28.1 54.2 
80-99 2066.3 40.8 2.9 0.7 2.9 12.6 28.1 59.8 
100-119 2258.3 43.4 3.0 0.7 2.9 13.6 28.1 63.6 
120+ 2391.5 45.0 3.0 0.7 3.2 14.2 28.1 66.0 
B-RM 0-19 279.9 8.1 0.8 0.8 8.5 9.0 28.1 27.2 
20-39 870.5 22.1 2.1 0.7 3.0 7.8 28.1 35.7 
30-59 1382.0 31.4 2.6 0.7 2.3 9.7 28.1 46.6 
60-79 1803.7 37.5 2.7 0.7 2.7 11.4 28.1 55.0 
80-99 2123.7 41.6 2.9 0.7 2.9 12.6 28.1 60.7 
100-119 2330.2 44.3 3.0 0.7 3.0 13.6 28.1 64.6 
120+ 2457.9 45.9 3.0 0.7 3.2 14.2 28.1 67.0 
S-F 0-19 257.4 7.4 0.7 0.7 5.7 10.8 39.7 25.3 
20-39 868.1 20.2 2.0 0.6 2.9 9.2 39.7 34.8 
30-59 1504.7 28.6 2.9 0.6 2.9 11.7 39.7 46.5 
60-79 1996.9 34.2 3.2 0.5 3.2 13.8 39.7 55.0 
80-99 2325.7 37.9 3.3 0.5 3.5 15.4 39.7 60.5 
100-119 2546.7 40.4 3.2 0.5 3.7 16.6 39.7 64.4 
120+ 2673.8 41.8 3.2 0.5 3.8 17.4 39.7 66.7 
A-B on SM-A 0-19 307.3 8.3 0.7 0.8 4.8 3.3 35.4 17.9 
20-39 1039.1 22.8 1.7 0.8 2.2 2.9 35.4 30.3 
30-59 1749.1 32.3 2.3 0.8 2.5 3.6 35.4 41.4 
60-79 2280.7 38.6 2.6 0.8 3.0 4.2 35.4 49.1 
80-99 2652.5 42.8 2.7 0.8 3.3 4.6 35.4 54.4 
100-119 2910.0 45.6 2.9 0.8 3.5 5.0 35.4 57.9 
120+ 3058.4 47.3 3.0 0.8 3.6 5.2 35.4 59.9 
A-B on B-RM 0-19 307.3 8.3 0.7 0.8 4.8 3.3 35.4 17.9 
20-39 1039.1 22.8 1.7 0.8 2.2 2.9 35.4 30.3 
30-59 1749.1 32.3 2.3 0.8 2.5 3.6 35.4 41.4 
60-79 2280.7 38.6 2.6 0.8 3.0 4.2 35.4 49.1 
80-99 2652.5 42.8 2.7 0.8 3.3 4.6 35.4 54.4 
100-119 2910.0 45.6 2.9 0.8 3.5 5.0 35.4 57.9 
120+ 3058.4 47.3 3.0 0.8 3.6 5.2 35.4 59.9 
A-B on S-F 0-19 298.4 8.2 0.6 0.8 4.8 3.3 35.4 17.8 
20-39 1009.6 22.3 1.7 0.8 2.2 2.9 35.4 29.9 
30-59 1701.5 31.7 2.2 0.8 2.5 3.6 35.4 40.8 
60-79 2220.2 37.9 2.5 0.8 2.9 4.2 35.4 48.3 
80-99 2583.0 42.0 2.7 0.8 3.3 4.6 35.4 53.5 
100-119 2834.1 44.8 2.8 0.8 3.5 5.0 35.4 56.9 
120+ 2979.0 46.3 2.9 0.8 3.6 5.2 35.4 58.9 
* No inflection point; the Foliar N method assumes a constant turnover rate throughout stand development 
** SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Spruce-Fir; A-B on SM-A is Aspen-Birch on a Sugar Maple-Ash 
site; A-B on B-RM is Aspcn-Birch on a Beech-Red Maple site; A-B on S-F is Aspen-Birch on a Spruce-Fir site 
*** May not be the exact sum of corresponding values due to rounding 
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APPENDIX A 
Allocation of total live tree biomass to the belowground portion from the Smith et al. 
(2003) and Cairns et al. (1997) approaches. 
















Birch and Other 
Hardwoods 
(Public)/ 
SM-A and B-RM 
10 273 
Total 17.5 _ 18.6 -
AG 14.6 84% 14.3 77% 
BG 2.9 16% 4.3 23% 
70 1777 
Total 70.1 _ 74.8 -
AG 58.7 84% 59.5 80% 
BG 11.3 16% 15.3 20% 
120 2458 
Total 89.4 _ 89.1 -
AG 75.0 84% 71.2 80% 




Total 18.7 _ 17.3 -
AG 15.4 82% 13.2 77% 
BG 3.3 18% 4.1 23% 
70 1997 
Total 78.5 - 69.5 -
AG 64.8 83% 55.2 79% 
BG 13.7 17% 14.3 21% 
120 -2674 
Total 91.7 . 82.8 -
AG 75.7 83% 66.0 80% 
BG 16.0 17% 16.8 20% 
Aspen-Birch/ 
A-B on SM-A, 
A-B on B-RM, 
and 
A-B on S-F 
10 298 
Total 18.0 _ 19.6 -
AG 15.0 83% 15.0 77% 
BG 3.0 17% 4.5 23% 
70 2220 
Total 74.0 _ 78.6 -
AG 62.1 84% 62.6 80% 
BG 12.0 16% 16.0 20% 
120 3058 
Total 93.1 93.7 -
AG 78.2 84% 74.9 80% 
BG 14.9 16% 18.8 20% 
*Ecological Land Class: SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Spruce-Fir; A-B on SM-A is Aspen-Birch on 
a Sugar Maple-Ash site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is Aspcn-Birch on a Spruce-Fir site 
**Age and volume were taken from the final Foliar N carbon lookup table, where growing stock volume was estimated through 
interpolation on the GTR343 tables with final Foliar N estimates of total live tree carbon; Age and volume presented here are for 
comparison purposes only and represent the low, middle and high volume estimates for each forest type 
*** Total is total live tree mass density; AG is aboveground live tree mass density; and BG is belowground live tree mass density 
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APPENDIX A 
Original information used to develop the MA2.1 carbon estimates. 
Pre-harvest standing inventory growing stock volume (GSV) is reflective of the 
remaining GSV after growth and harvest of the previous decade; For example, Pre-
harvest standing inventory GSV for 2004 is equal to Pre-harvest standing inventory GSV 
for 1994, plus growth for 1994, minus harvest for 1994 (Note: may not equal exact sum 
due to rounding). GSV in thousands of cubic feet (MCF) was converted to cubic feet per 
acre (ft3/ac) (Table 4-2) by multiplying by 1000 and dividing by the ELC-specific total 
acreage (e.g., 2004 SM-A GSV was equal to 2600 ft3/ac [from Table 4-2]; 254000 + 
16460 - 5570 = 264890 * 1000 / 102010 = 2600). Harvest volume was presented at the 
level projected by the 2005 WMNF Land and Resource Management Plan. 
Harvest volume by ELC and decade 
ELC* 1994*** 2004 2014 2024 2034 2044 2054 2064 
— MCF** — 
SM-A 5570 18550 26240 22200 23210 27350 26800 23990 
B-RM 2360 3170 5950 11770 4970 5580 5450 2950 
S-F 13360 11250 2090 5650 9370 9240 6120 8110 
A-B on SM-A 5860 480 2840 0 2110 0 2580 5510 
A-B on B-RM 440 3400 1630 0 1320 0 770 420 
A-B on S-F 2970 3150 1250 380 700 1170 1620 2360 
Pre-harvest standing inventory growing stock volume by ELC and decade 
ELC* 1994*** 2004 2014 2024 2034 2044 2054 2064 
— MCF** — 
SM-A 254000 264880 260120 249030 242120 234340 225930 217900 
B-RM 149810 154170 156770 156410 149520 151480 151680 152000 
S-F 246560 245370 247910 266480 278480 281860 286760 294590 
A-B on SM-A 12150 7190 8760 7430 9620 9070 11280 10540 
A-B on B-RM 7430 7680 4780 4090 5370 5010 6230 6540 
A-B on S-F 10290 8450 6420 6570 7720 8490 8730 8460 
Growth by ELC and decade 
ELC* 1994*** 2004 2014 2024 2034 2044 2054 2064 
— MCF** — 
SM-A 16460 13790 15160 15290 15440 18940 18770 21670 
B-RM 6720 5770 5600 4880 6920 5780 5770 6060 
S-F 12170 13790 20670 17640 12750 14150 13950 13040 
A-B on SM-A 910 2050 1500 2190 1570 2210 1850 1670 
A-B on B-RM 690 500 930 1280 960 1220 1080 1260 
A-B on S-F 1130 1120 1400 1540 1460 1410 1350 1230 
Note: These data were provided by Tom Giles (personal communication, January 2008). They were taken from simulation runs 
performed in the development of Alternative 2 of the White Mountain National Forest Land and Resource Management Plan 
(USDAFS 2005a). 
*Ecological Land Classification: SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Sprucc-Fir; A-B on SM-A is 
Aspen-Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is Aspcn-Birch on a 
Spruce-Fir site 
** MCF is thousand cubic feet. Rounded to the nearest 10 MCF 
***Thc trends from 1994-2004 were used to generate GSV estimates for 1984 through extrapolation 
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Harvest volume was also available by product group (i.e., industrial roundwood 
category). Total acres, by ELC and treatment strategy, and treatment strategy, by ELC 
and entry age, were the supporting information used to develop the pre-harvest standing 
inventory growing stock volume and harvest volume projections. 
Harvest volume by product group and decade 
Product group* 1994 2004 2014 2024 2034 2044 2054 2064 
— harvest volume (MCF/decade)** — 
HDWPUL 9780 14830 17190 17510 15100 17180 19170 19440 
PBSWT 2050 1960 2030 1400 1440 1380 1630 1960 
RMSWT 4200 5960 6570 6320 5450 6450 5610 5480 
SFSWT 8310 8290 5450 5520 9210 8180 5580 5790 
SMSWT 1960 3840 4600 4710 6050 5590 6150 5890 
SOFPUL 2650 2770 1880 2040 1890 2170 2100 2440 
YBSWT 1620 2360 2270 2480 2530 2380 3080 2330 
Total acres by ecological and class and treatment strategy 
ELC*** Treatment Strategy Acres**** 
Regeneration Only 63980 
No Treatment 5810 
SM-A Even Age Less Active 14950 
Even Age Normal 14600 
Uneven Age Less Active 2670 
Regeneration Only 19660 
No Treatment 29490 
B-RM Even Age Normal 1620 
Uneven Age Less Active 7830 
Uneven Age Normal 220 
Regeneration Only 1630 
S-F No Treatment 
33290 
Uneven Age Less Active 33670 
Uneven Age Normal 13170 
A-B on SM-A Regeneration Only 5720 
A-B on B-RM Regeneration Only 
3010 
No Treatment 60 
A-B on S-F Regeneration Only 
4130 
No Treatment 140 
Total***** 255640 
Note: These data were provided by Tom Giles (personal communication, January 2008). They were taken from simulation runs 
performed in the development of Alternative 2 of the White Mountain National Forest Land and Resource Management Plan 
(USDAFS 2005a). 
* HDWPUL is hardwood pulp, PBSWT is paper birch sawtimber, RMSWT is red maple sawtimbcr, SFSWT is spruce fir sawtimber, 
SMSWT is sugar maple sawtimber, SOFPUL is softwood pulp, and YBSWT is yellow birch sawtimbcr 
** MCF is thousand cubic feet. Rounded to the nearest 10 MCF 
***Ecological Land Classification: SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Spruce-Fir; A-B on SM-A is 
Aspen-Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspen-Birch on a Bccch-Rcd Maple site; A-B on S-F is Aspen-Birch on a 
Spruce-Fir site 
**** Rounded to the nearest 10 acres 
*****May not be the exact sum of corresponding values due to rounding 
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Treatment Strategy by ecological and class and entry age (USDA FS 2005a) 
Regeneration Only 
Even Age Uneven age** 
ELC* Normal Less Active Normal Less Active 
— entry age — 
SM-A 120 60, 80, 100, 120 80, 120 60/20 60/40 
B-RM 100 60, 80, 100 - 60/20 60/40 
S-F 90 60, 80, 90 - 60/20 60/40 
A-B on SM-A 70 - - - -
A-B on B-RM 70 - - - -
A-B on S-F 70 - - - -
Note: Hyphens indicate no value 
*Ecological Land Classification: SM-A is Sugar Maple-Ash; B-RM is Beech-Red Maple; S-F is Spruce-Fir; A-B on SM-A is Aspen-
Birch on a Sugar Maple-Ash site; A-B on B-RM is Aspen-Birch on a Beech-Red Maple site; A-B on S-F is Aspen-Birch on a 
Spruce-Fir site 
** Uneven age normal intensity treatments (60/20) indicates the first entry is at age 60 and subsequent entries are every 20 years 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Estimates of average annual carbon stock change from the main analysis, by forest 
ecosystem carbon pool, for MA2.1, Non-MA2.1 and Total Forest Average, 1990-2060. 
1990-2004 2005-2024 2025-2044 2045-2060 
— carbon (t/ac) — 
MA 2.1 
Live Tree (0.06) (0.03) (0.01) (0.00) 
Standing Dead Tree (0.00) (0.00) (0.00) (0.00) 
Understory (0.00) (0.00) (0.00) (0.00) 
Down Dead Wood (0.00) (0.00) (0.00) (0.00) 
Forest Floor (0.03) (0.01) 0.01 (0.00) 
Soil Organic (0.00) (0.00) (0.00) (0.00) 
Total (0.09) (0.04) (0.00) (0.00) 
' Non-MA2.1 
Live Tree (0.22) (0.19) (0.08) (0.02) 
Standing Dead Tree (0.01) (0.01) (0.00) (0.00) 
Understory (0.00) (0.00) (0.00) (0.00) 
Down Dead Wood (0.01) (0.01) (0.01) (0.00) 
Forest Floor (0.06) (0.04) (0.01) (0.00) 
Soil Organic (0.00) (0.00) (0.00) (0.00) 
Total (0.30) (0.24) (0.11) (0.03) 
Total Forest Average 
Live Tree (0.15) (0.12) (0.05) (0.01) 
Standing Dead Tree (0.00) (0.00) (0.00) (0.00) 
Understory (0.00) (0.00) (0.00) (0.00) 
Down Dead Wood (0.01) (0.01) (0.00) (0.00) 
Forest Floor (0.05) (0.02) (0.00) (0.00) 
Soil Organic (0.00) (0.00) (0.00) (0.00) 
Total (0.20) (0.15) (0.06) (0.01) 
Note: Parentheses indicate net sequestration; MA is Management Are 
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APPENDIX A 
Estimates of carbon stock and average annual carbon stock change for the harvested 
wood carbon pools, 1990-2060 by 5-year intervals. 







Carbon Stocks (Mt) 
1990 0.2 0.0 0.1 0.1 
1995 0.2 0.0 0.2 0.1 
2000 0.2 0.1 0.2 0.2 
2005 0.3 0.1 0.2 0.2 
2010 0.3 0.1 0.3 0.2 
2015 0.3 0.1 0.3 0.3 
2020 0.4 0.1 0.4 0.3 
2025 0.4 0.2 0.4 0.3 
2030 0.4 0.2 0.5 0.4 
2035 0.4 0.2 0.5 0.4 
2040 0.4 0.2 0.5 0.5 
2045 0.4 0.3 0.6 0.5 
2050 0.5 0.3 0.6 0.5 
2055 0.5 0.3 0.7 0.6 
2060 0.5 0.4 0.7 0.6 
Carlton Stock Change (\lt/>r) 
lyyu (0.00) (0.00) 0.01 0.01 
1995 (0.01) (0.00) 0.01 0.01 
2000 (0.01) (0.00) 0.01 0.01 
2005 (0.01) (0.00) 0.01 0.01 
2010 (0.01) (0.00) 0.01 0.01 
2015 (0.00) (0.01) 0.01 0.01 
2020 (0.00) (0.01) 0.01 0.01 
2025 (0.00) (0.01) 0.01 0.01 
2030 (0.00) (0.01) 0.01 0.01 
2035 (0.00) (0.01) 0.01 0.01 
2040 (0.00) (0.01) 0.01 0.01 
2045 (0.00) (0.01) 0.01 0.01 
2050 (0.00) (0.01) 0.01 0.01 
2055 (0.00) (0.01) 0.01 0.01 
2060 (0.00) (0.01) 0.01 0.01 
Note: Parentheses indicate net sequestration 
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APPENDIX A 
Estimates of total forest sector carbon stock and average annual carbon stock change 
from the main analysis, 1990-2060 by 5-year intervals. 
Forest Ecosystem 
TOTAL FOREST 
SECTOR Year Total forest MA2.1 Non-MA2.1 
Harvested wood 
Carbon Stocks (Ml) 
1990 78.7 35.3 43.2 0.2 78.9 
1995 79.5 35.4 43.8 0.3 79.7 
2000 80.3 35.6 44.4 0.3 80.6 
2005 81.1 35.7 45.0 0.3 81.5 
2010 81.8 35.8 45.6 0.4 82.1 
2015 82.4 35.9 46.1 0.4 82.8 
2020 83.0 35.9 46.6 0.5 83.5 
2025 83.6 36.0 47.0 0.5 84.1 
2030 83.8 36.0 47.3 0.6 84.4 
2035 84.1 36.0 47.5 0.6 84.7 
2040 84.4 36.0 47.7 0.7 85.0 
2045 84.6 36.0 47.9 0.7 85.3 
2050 84.7 36.0 47.9 0.8 85.5 
2055 84.8 36.0 48.0 0.8 85.6 
2060 84.9 36.0 48.1 0.8 85.7 
Carbon Stock Change (Mt/yr) 
1990 (0.16) (0.03) (0.13) (0.00) (0.17) 
1995 (0.17) (0.03) (0-13) (0.01) (0.18) 
2000 (0.17) (0.03) (0-13) (0.01) (0.18) 
2005 (0.13) (0.01) (0.10) (0.01) (0.14) 
2010 (0.13) (0.01) (0.10) (0.01) (0.14) 
2015 (0.12) (0.01) (0.10) (0.01) (0.13) 
2020 (0.12) (0.01) (0.10) (0.01) (0.13) 
2025 (0.05) (0.00) (0.04) (0.01) (0.06) 
2030 (0.05) (0.00) (0.04) (0.01) (0.06) 
2035 (0.05) (0.00) (0.04) (0.01) (0.06) 
2040 (0.05) (0.00) (0.04) (0.01) (0.06) 
2045 (0.02) (0.00) (0.01) (0.01) (0.03) 
2050 (0.02) (0.00) (0.01) (0.01) (0.03) 
2055 (0.02) (0.00) (0.01) (0.01) (0.03) 
2060 (0.02) (0.00) (0.01) (0.01) (0.03) 
Note: Parentheses indicate net sequestration; MA is Management Area 
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